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THERMOPHYSICAL PROPERTIES OF ISOBUTANE FROM 114 TO 700 K AT 
PRESSURES TO 70 MPa 
Robert D. Goudwin and William M. Haynes 


Thermophysical Properties Division 
National Engineering Laboratory 
National Bureau of Standards 
Boulder, Colorado 80303 


Using a modified version of the nonanalytic equation of state, 
thermophysical properties of isobutane are derived from physical 
properties data and are tabulated at integral temperatures over the 
entire range of fluid states from 114 to 700 K along isobars at 
pressures to 70 MPa. Results include dielectric constants, densities, 
enthalpies, entropies, equation of state, internal energies, isobars, 
isochores, isotherms, Joule-Thomson inversion, heats of vaporization, 
melting line, orthobaric densities, specific heats, sound velocities, 
vapor pressures, and virial coefficients. In addition to the equation 
of state, equations are given for vapor pressures, orthobaric vapor and 
liquid densities, ideal gas properties, second virial coefficients, 
dielectric constants, heats of vaporization, melting pressures, and 
orthobaric liquid specific heats, enthalpies, and entropies. Several 
new sets of data have been used in this correlation; comparisons 
between experimental and calculated values are given. 


Key words: densities; dielectric constants; enthalpies; entropies; 
equation of state; fugacities; internal energies; isobars; isobutane; 
isochores; isotherms; Joule-Thomson inversion; latent heats of 
vaporization; melting line; orthobaric densities; specific heats; 
sound velocities; vapor pressures; viriel coefficients. 


Wo Introduction 

Isobutane not only is a component of liquefied natural gas (LNG), but also 
has become an important heat-exchange fluid for geothermal cycles. The present 
report is a revision and extension of earlier, provisional work [23] and is based 
on additional, new compressibility [27,63], vapor pressure [63,64] and dielectric 
constant [27,30] data. 

Earlier correlations on isobutane have been presented by Hanson [26], Das 
and Kuloor [13], Das, et al. [14], Milora and Combs [41] and by Starling, et al. 
[55,56]. Functions for ideal gas states recently were computed from spectro- 
scopic data by Chen, et al. [7]. A survey of available data has been prepared 
quite recently by Kestin, et al. [34] and by Kumar [37], which also includes 


comparisons between existing correlations. A major objective of this report is 
to provide a more accurate thermodynamic network for isobutane, by inclusion of 
new compressibility data of Waxman [63,64] and Haynes [27]. It should be noted 
that Waxman [63,64] is also currently developing an equation of state for 
isobutane that uses a completely different approacn from that presented here, but 
which is based on the same experimental data. 

New compressibility isotherms to pressures of 21 MPa have been measured by 
Waxman [63,64] in the temperature range, 378 through 448 K, including vapor 
pressures in the range, 298 through 398 K. For compressed liquid states, P-p-T 
and dielectric constant data have been obtained recently by Haynes [27] on 
isotherms from 120 tnrough 300 K at pressures to 35 MPa. These new data have 
been included here in a revision of the nonanalytic equation of state [20-23] 
used to compute thermodynamic functions for isobutane. A new procedure for 
numerical integrations is used here, in which the convergence error is 
predetermined. 

Units used in all of the computations in computer programs (Appendix E) 
include pressures in bar and densities in mol/L. However, SI units are used 
throughout this report in tables and equations. Pressures are given in MPa, 
densities in kg/m? and temperatures in K. For thermal properties, the mol is 
used for amounts of substance. Appendix A presents symbols and units as used in 
the computations and Appendix B presents a conversion of units. Fixed-point 
values used in this work are in Appendix C. A summary of references for the 
principal physical properties of isobutane, along with ranges of data available, 
is presented in Appendix D. Computer programs for the calculation of thermophys- 
ical properties of isobutane are found in Appendix E. Figure 1 is the 
density-temperature phase diagram for isobutane, in which the upper, left-hand 


corner shows the freezing liquid line. 


2. Physical Properties and Their Formulation 


In this section, first the fixed-point values selected in present work are 
presented and their origins are briefly discussed. As the present equation of 
state originates on a given liquid-vapor coexistence boundary, the P(T) melting 
line, the vapor pressures, and tne ortnobaric densities are next formulated. 

Tnen the truncated virial equation of state is given because it is used to derive 
some needed data. The equation of state description is followed by formulation 


of some thermal properties needed for the final comoutations of a thermodynamic 


network. All symbols used in the equations are defined in Appendix A. 


2.1 Fixed-Point Values 

These values are listed in Appendix C. 

(a) The Triple Point. The temperature is adonted from Das, et al. [14]. 
The pressure is obtained from eq (2), the vapor pressure equation. The liquid 
density is assigned for consistency with data in eq (3). The vanor density is 
obtained from eq (4), used for saturated vapor densities. 

(b) The Boiling Point. The temperature is from vapor-pressure eq (2) at a 
pressure of 1 atm = 0.101325 MPa. Liquid and vapor densities are from eqs (3) 
and (4). 

(c) The Critical Point. The critical point parameters (es = 407.85 Ky 
Ge = 3.640 MPa, O25 224 .36 kg/m (3.86 mol/L)) in present work are adopted on 
the basis of fitting orthobaric densities, vapor pressures, and P-p-T data, and 
examining the benavior of the calculated critical isotherm. Beattie, et al. [2] 
reported a critical temperature of 408.14 + 0.05 K, a critical pressure of 
3-648 + 0.005 MPa, and a critical density of 221 kg/m? (3.80 mol/L) from an 
analysis of their detailed set of critical region data. Recently Levelt 
Sengers [64] analyzed this data set of Beattie, et al. [2] using a simple scaled 
equation of state and obtained the following critical point parameters, 
ie = 407.865 + 0.009 K, Bx = 3.6306 + 0.0006 MPa, Oe (aie) a2 O61 kg/in? 
(3.906 + 0.002 mol/L). More recently Levelt Sengers [53] has measured the 
critical temperature and density of isobutane. The measured values are in 
agreement with the values obtained in this study to within experimental error of 
0.02 K in temperature and | kg/m in density. 


2.2 Melting Line and Vapor Pressures 

(a) The Melting Line. Measurements were described by Reeves, Scott, and 
Babb [47]. Unpublished lower-pressure data for isobutane, obtained from 
Babb [47], are as follows: 


eke Pe MPa 
140 .6 114.0 
160%3 304.7 
164.7 S720) 
By graphical approximations (for qT, = e255 kK and es = 1.9481 x 10m MPa), 


the constants for the Simon equation, 


eee Wi tl vs (1) 


have been estimated to be ae = 43 MPa and c = 6.08. These constants differ 
greatly from those for otner substances; e.g., Cc is approximately two and Py 
varies from approximately 200 to 700 MPa for other low molecular weight alkanes 
(methane, ethane, propane, normal butane) [21-24,28]. 

(b) The Vapor Pressures. Data used for adjusting eq (2) appear in the 
first part of table 1. Other data, weighted zero, appear in the continuation 
of the table. Values identified as ID = 80 have been derived via revised thermal 
loops, as described by Goodwin [23], by use of the saturated liquid specific heat 
data of Aston, et al. [1] and of Parks, et al. [45] from the triple- to the 
normal boiling-point; the heat of vaporization of Aston, et al. [1] at the 
normal boiling point; the ideal gas thermofunctions formulated here in 
section 2.6; the virial equation formulated here in section 2.4; and, for the 
minor contribution of VedP to AH on the saturated liquid path, the preliminary 
vapor pressure and saturated liquid densities equations were also used. 
Equation (2) is similar to previous forms [20-23]. 

The argument for eq (2) is Te = Wiles then, vapor pressures (Re) in MPa 
are given by the relation, 


2 3 
gn(P-10) = a/f,+ b+ 1 + dT. + eT] + f-(1- 1) 


where € = 1.30 and, from least squares analysis, 


a =55=" 9 sl6n7 1029 d = 9.8235 4747 
Db =) 2051547 7718 Qo = §-2.2352 2474 
c = -14.9868 2080 = 1.1621 4052 


Exponent € was selected for a best fit of P-o-T data under the constraint that, 
at the critical point, the slope of the vapor-pressure equation be equal to the 
Slope of the critical isochore from the equation of state, dP / dT = oP/oT. The 
slope at the critical point is dP/dt = 0.063512 MPa/K. 


2.3 The Orthobaric Densities 

(a) Saturated Liquid Densities. Data in table 2 have been selected for 
consistency. Data weighted zero, which appear in the continuation of table, are 
shown for the sake of comparison. If tne variable for eq (3) is defined by 


then the orthobaric liquid densities, Po» are described by 
) oe ya Ge S sory = bex? + Cox] ; 


where € = 0.35, and, from least squares analysis, 


0.7888 1798] ¢ = -0.0852 35274 
-0.0160 84282 


oOo om 
iT] i 


(b) Saturated Vapor Densities. The following new tyne of formulation for 
Saturated vapor densities has been developed for consistency with the equation of 
state (eq (6)) to yield a compressibility factor approaching unity in the limit 
of low densities, as described earlier [20,22]. Data in table 3 used in the fit 
have been selected for consistency. Values identified by ID = 40 are derived 
from the vapor-pressure and virial equations. The values identified by ID = 10 
are derived by extranolating isotherms of Waxman [63,64] to the vapor-pressure 
curve. Other data, weighted zero, appear in the continuation of table 3. The 
compressibility factor for saturated vapor is formulated by use of the 
vapor-pressure equation, such that EM) approaches unity as Pg —0, (hence 
Te) =e Let Ay = (ee - 1), where Le is value of the compressibility 
factor at the critical point, and define the arguments 


(i) PAW ; A) 2 We 2 VG) re Ce 1) : 
The saturated vapor densities, Pg = Pell (esol) then are given by 
ES -2 
(awe ee 2 AY OO E f(T) ry (4) 
where 
GO Wes les au Geib-ul = e-lexoine (1 = W/udidia, (4a) 


€ = 0.35, n = 1.20, and, from least squares analysis, 


= -0.7915 03145 Gy =ni lie g8o3) (35494 
0.8047 32724 


The next-to-last column in table 3 gives the experimental residuals, 


(2) ot ale ena 
used to develop a functional form for f(T). 
2.4 The Virial Equation 
For the truncated virial equation, 
Pv/RT =" BA eee hire. Peigoele es (5a) 


the second virial coefficient, BA(T)s is dimensionless through the use of the 
reduced variables, p. = o/P. and Te = T/T Os Tne following relation, 
os 3 / 
B A(T) = By + Bo/T + B2/T ; (5b) 
is used to fit the second virial data given in the first part of table 4. 
Excluded data, weighted zero, appear at the end of table 4. From least squares 


analysis, tne following coefficients, 


By =, 0250875 5533 B4 = -0.6593 9716 


By = -1.1185 3523 
have been determined. The second virials have been used to estimate P-o-T 
values, to calculate saturated vapor densities via the vapor pressure equation, 


and to make thermal loop computations. 


2.5 The Equation of State 

Figure 2 shows the P-T regions covered by P-p-T data of Beattie, et al. [3]; 
Morris, et al. [42]; and Sage and Lacey [50]. Regions covered by the new data 
of Waxman [63,64] and Haynes [27] are seen in figure 3. Equal weightings of 
unity have been given to the data of Beattie, et al., Haynes, and Waxman. Tne 
data of Sage and Lacey, which fall in a region between Haynes and Beattie, et al. 
snow systematic differences of 0.5 to 1.5 percent when compared to the data of 
Beattie, et al., Waxman, and Haynes. Thus, they are given a low weighting of 
0.02. The data of Morris, et al. were not used for fitting because those of 
Beattie, et al. cover about the same range and also extend to higher tempera- 
tures. Data from the virial equation along a low density isochore are included 
(with zero weighting) for comparison. Comparisons with the data of Morris, 
et al. also are presented. 


The nonanalytic equation of state used here has only three least-squares 
coefficients as described in detail by Goodwin [20,22]. The equation has been 
modified from earlier forms. For any density (isochore) the coexistence 
temperature, Tate) is obtained by iteration from eqs (3) and (4) for the 
orthobaric densities. The vapor pressure, Pal Co) thus is a function of 
density, and the equation of state has the form, 


= e bei 2 a e 
Poo PO) = eek BIL 1 io) Ear isi PCC 5 Uae (6) 
where 


Fst) 2 B(@)ea@si) seGl(o)) SOR) ae (6a) 


The reduced density, Pre is defined as p/P03 while the constant R™ is defined 
* 

Dye ke = (0.0083145)°p.. MPa/K. 
The temperature-dependent functions in (6a) are defined as follows. 


o(0,1) = Trexplb(1- 1,/T)-(1,)F (6b) 
r 
eremoe= (a) ets a) rT te and CrP Sa (oye 
r Cc O r (0) Cc 
TMOG US wet S UAVs) las (6c) 


where 
CNG 


(0) is obtained from y(o,T) merely by replacing T with pate) and 
Hos) 2S OS wins in) (6d) 

Values for 8 and n are found by trial. 

(O51) 2 1G = OO) (6e) 


where 0(0) is a locus of temperatures inside the coexistence envelope defined by 


a(o) = T,(p)cexpl-arf(p)]  , 
and (6f) 


lpia /(oseaad): 
ir 


Sy) 
-— 
DO 
wa 

tt 


(0, ) = p,/0. is the reduced density at tne liquid triple point. The parameter 
n 


Oise mound by trial. 


The density-denendent coefficients in (6a) are 


and 


=) e(O=2C 


~~ C,)eexpl-v-04] (6h) 


where Cy and y are to be found by trial. 
Parameters and coefficients of eq (6) for isobutane are 


=alcs B = 0.70, Vee Wella esos 
0.4666 6891 283 
0.1658 3380 415 


= -0.2641 2858 369 


Table 5 gives behavior of coefficients B(o), C(o) as a function of density 
and table 6 gives benavior of pressure, etc. along the critical isotherm. (In 
table 6, the symbol, Pr te is defined as tne density reduced by the triple 
point density.) These tables show that the equation is smooth and well-behaved. 
Table 7 summarizes experimental compressibility data and presents deviations of 
experimental densities and pressures from values calculated from the equation of 
state. Despite some relatively large P-p-T deviations (see section 4), a smooth 
and consistent representation of the P-p-T data has been developed by means of 
the nignly-constrained equation of state used here, which, in addition, yields a 
maximum in the specific heats, Cy(o.T), at the critical point. 

Some recommendations have been made in section 4 concerning the need for 
additional data in regions in which data are presently unavailable and in which 
existing data sets are inconsistent. The functional form of tne equation of 
state used here for isobutane has also been used in current work for propane [24] 
and normal butane [28], fluids for which tne data bases are significantly better. 
Identical nonlinear parameters (a, 8, y, n) except for small differences in y, 
have been obtained for all three fluids in optimizing this equation to available 
P-o-T data. 


2.6 The Ideal Gas Functions 
A formulation of the spectroscopic specific heats, c(t), of Chen, 
et al. [7] has been developed. Using X= T/100, 


(ee) 


i 
CAR - 4 = exp(-e/x,) = As ox : (7) 


where R = 8.31434 J/({moleK) and 


SS yg 6.40 Ay S38) O/C 29)5) 
A = 43 .59076 Ap =) AAS S382 
A, = - 40.54350 Ae = -/583.91994 
A. = Ee 2381) Ao =e SZ ecoZ208 


Table 8 shows the fit of derived values used. In this table, tne values for 
(HO-H®) and for S° are obtained by numerical integration, starting at T = 300 K. 
Table 9 gives interpolated values at integral temperatures. 


2./ Thermal Loop Computations 

At temperatures from the triple- to the normal boiling-point, new data have 
been derived for vapor pressures, saturated vapor densities, and for heats of 
vaporization by thermal loop computations for AH and for AS of saturated vapor 
and saturated liquid. This procedure described by Goodwin [23], and more 
generally by Yarbrough and Tsai [65] uses virial eq (5a), ideal gas functions 
eq (7), the heat of vaporization of Aston, et al. [1j at the normal boiling 
point, and the following new formulation of the specific heats of Aston, 
et al. [1] and of Parks, et al. [45] for the saturated liquid from the triple- to 
the normal boiling-point. Define X(T) = T/100, then the saturated liquid 
specific heats, C(T), are described by 


2 xi 
C (7) =e ited ne CON (8) 


in J/(mol*K), where 


a = BIc/IZay Cy 4.57: 20i/6 
D S684) II7/ 


The coefficients have units of J/(moleK). The rms relative deviation is 0.31 
percent for 44 data points. In fitting this equation the data of Parks, 
et al. [45] were weighted 0.1 relative to unity for Aston, et al. [1]. 

Results for the vapor pressures appear in table 1 at ID = 80, and for the 
heats of vaporization in table 10 at ID = 80. Saturated vapor densities from the 
thermal loop computations are replaced in table 3 at ID = 40 by derived data from 
the fitted vapor-pressure eq (2) and the virial eq (5a). 


2.8 Tne Heats of Vaporization 
Table 10 shows tne fit of selected data. Those at ID = 80 are derived via 
thermal loops (section 2.7). Those at ID = 41 are from the Clapeyron equation. 


The formulation of these heat of vaporization, Q , data in kJ/mol uses argument 


van 


x) =e = ee 
—4 e € e e e 2 
Ova = A, Most GX tex) [A, + A, x + Ay Xoud|i, ae (9) 
where 
= 0.43 A. = -3.01865000 
A, =) 28 el 144 Ay = -3.3534669 
A, = 32.239895 


Least squares coefficients have units of kJ/mol. The uncertainty of at least one 


percent in Q at the higher temperatures will affect compressed liquid 


eae in this region, since Qvap is used to compute across the "dome." 
2.9 Saturated Liquid Enthalpies and Entropies 

Data for saturated liquid enthalpies and entropies have been derived at 
temperatures from the triple- to the critical-point by use of the ideal gas 
functions, the equation of state, and the formulated heats of vaporization. The 
enthalpies then have been formulated, as shown in table 11. Define the 
variable, 


then the enthalpies, Haas are described in J/mol by 


8 : 
2 S F clei 
ip - H )/(H, - H = x + (x - x) » A. x i (10) 

where e€ = 0.48, H. = 0.001 J/mol, te = 43430.103 J/mol, and 
A, = 0.4190 52003 A, = -4,.3108 63286 
Ay = 0.0955 65888 Ae = 8.3850 53823 
A. = 0.5120 32199 A, = -6§./091 04812 
Aa = 0.3011 49628 Ag S NA97/DO SZ5IG 


The saturated liquid entropies in J/(mol*K) are shown in table 12. Let 


eS SI WO et 


- ); then the entropies, Sy(T) » are given in J/(moleK) by 


C 


10 


7 | 
(SS CGS Sa ees = ac 2 nae (11) 
l= 


Hhenese = 0.39), Se = 108.80035 J/(moleK), So = 278.16100 J/(moleKX), and 


A, = WolSis, S337 I As = -0.6495 76938 
Ay = -0./213 49078 Ag =i le6855. 90395 
A3 = 0.5916 51346 A, = -0.9190 17569 
Ay = -0.8071 40353 


Specific heats along the saturated liquid path follow from the relation, 
C (7) = TedS/dT, and are given in the last column of table 12. All of the 
above saturated liquid formulations for Ht)» SW) p and C (7) are used to 
compute thermodynamic properties for compressed liquid states at T < Tg. 
2.10 Dielectric Constants 

Dielectric constants, €, for the saturated vapor of isobutane are estimated 
from the refractive indices, n, of Sliwinski [54] via e = n°. (These low 
density data are in a region for which dispersion effects should be minimal.) 
Haynes [27,30] recently has measured € for the saturated liquid at temperatures 
from 115-300 K and for the compressed liquid at presures to 35 MPa along 
isotherms up to 300 K. These data and their formulation via the 
Clausius-Mossotti function, 


OW 2 Te a yee Ziyi oes (12a) 


are presented in table 13. The following formulation has been used to fit the 
data in table 13 and to calculate € along isobars (table 21) at temperatures 
extrapolated up to 450 K, and pressures up to 70 MPa. Define the variables, 

i = Wale and p. = p/P .3 then, with P in units of MPa, the Clausius-Mossotti 
hinetion, in units of cm3/mol, is given by 


2 


CMF = A, + Ao*0, + Aa*0,, + Agen (1 + ile) + Ar+P/10 (2b) 
where 
A, = 19.867026 Ay = 0.9947 2904 
A, = 0.6793 6208 Ag = -0.0056 3750 


-0.2274 7774 


ial 


The coefficients nave units of cim?/mol. Data at high pressures have a 
diminisned weighting as seen in table 13. The rms relative deviation for 207 
points is 0.059 percent in the CMF and 0.015 percent for the dielectric 
constant. 

Comparisons with dielectric constant data for liquid isobutane not used in 
the fit to eq (12) are not presented in table 13. The dielectric constants from 
Thompson and Miller [59] and Luo and Miller [38] at temperatures between 220 and 
250 K and from Pan, et al. [44] at temperatures from 114 to 120 K agree within 
0.1 percent with values calculated from eg (12). 


3. Computational Methods 

The numerical values for E and H in this report are based on the assigned 
value, E = 0 at tne liquid triple-point, obtained by use of the arbitrary value, 
E = 23747.7595 J/mol. Specific heats of Aston, et al. [1] and of Parks, 


et al. [45] could be integrated to give the solid at T = 0 as reference state. 


3.1 The Homogeneous Domain 
The homogeneous domain of figure 1 includes all regions which can be 
attained along isotherms starting at zero density without crossing the 


vapor-liquid "dome," and without passing very close to the critical point at 
LS Wes 

Computations start witn ideal gas tnermodynamic functions at zero density, 
and then continue by integrating numerically along isotherms by use of the 


equation of state in the following relations, 


Jf [P - T+(aP/at)]-do/o? , (13) 

AC N= a Tis aP/at*)edo/o~ , (14) 
ie) 

MS = Re&n[P°/(oRT)] + f [R - (aP/3T)/p]*do/p . (15) 
@) 


Equation (15) is for use with initial entropies in hypothetical ideal gas states 
at P° = 1 atm (0.101325 MPa). For all other initial states, 


MSy Se f (aP/aT)*do/o* (15a) 


In each (9,T) state, reached by above integrations, the following are computed, 


IW 


thie gets ee Ly #5 (16) 


cay et T-(aPy anys /lapiee\/o- (17) 


and 


We C°(aP/ae)/Cy i (18) 


3.2 Tne Saturated Liquid 
At temperatures from the triple point to the critical point, thermofiunctions 
for the saturated vapor are obtained via eqs (13) through (16). Then eq (9) for 


vap? is used to compute 


Nal VS eons NS RNG es (19) 


the heat of vaporization, Q 


such that the free energy of vaporization, AG = AH - T AS, is zero (see 
section 2.9). Having obtained H and S for the saturated liquid, E = H - Pev is 
computed. 

The single-phase specific heat, Cy(o,T), at the saturated liquid boundary, 
is obtained from eq (11) using C (7) = TedS /dT and the thermodynamic relation, 


Cy(o.T) = C(T) + T-(aP/at)+(dp,/dT)/o5 (20) 


where Po is density of the saturated liquid. Values for C(o.T) and W(p,T) on 
this boundary follow from eqs (17) and (18). For liquid at the normal boiling 
point, the following values have been obtained, 


i = ANN SSW Te H 


EY = 6764.7 J/mol, Si 


3.3 The Compressed Liquid 


NOTA Ti .0/ mols 
201.388 J/(moleK). 


Starting with above values for E, S, and Cy on the saturated liquid 
boundary, eqs (13), (14), and (15a) are used to integrate along isotherms, and 
then H, Cy. and W are obtained via eqs (16), (17), and (18). 


3.4 Fugacity Coefficients 

The fugacity coefficients in table 21 were computed along isotherms relative 
to properties in hypotnetical ideal gas states at a pressure, p° = 1 atm 
(0.101325 MPa), 


Us 


(f/P) = (P°/P)+exp [AG/RT] . (21) 
For any (P,T) point, the isothermal free energy change is 


9) 


AG) = S(W/=E s\n He (Se) S) ieee (22) 


in which the arbitrary value of ES was added to tabulated values of H(P,T) 
such that E(P,T) = 0 for liquid at the triple point. 


3.5 Simplified Comoutation 

Given the subroutines of Appendix E, it is necessary first to call 
SUBROUTINE PYTDATA, to place constants in common statements. To obtain the 
density in mol/L at a given T,X and P,bar, it is necessary merely to write the 
instruction DEN = FINDENF(T,P) for single-phase domains. Coexisting densities 
are given by the functions DENGASF(T) and/or DENLIQF(T), and tne vapor pressure 
in bar by PSATF(T). 

For thermodynamic properties, the subroutine SIMPLE here is an example of 
how to use the general subroutine THERMO (see Appendix —). 


4, Tests and Conclusions 

In tne provisional report, Goodwin [23] made some comparisons of thermody- 
namic properties with results of other workers, namely Sage and Lacey [50], Das, 
et al. [14], and Starling, et al. [55], to ensure freedom from gross 
inaccuracies. These now are omitted because present properties are roughly 
comparable witn the earlier work [23]. 

Tne P-p-T comparisons in table 7 snow relatively large inconsistencies among 
the various data sets. Between room temperature and the critical temperature, 
the liquid and vapor densities of Sage and Lacey [50] and the liquid densities of 
Morris, et al. [42] exhibit systematic differences of as much as 0.5 to 1 percent 
from the equation of state and from data from other sources. Of these two data 
sets, only tne data of Sage and Lacey [50] were used in the fit, but with a low 
weighting (0.02). At temperatures above the critical point, the present work has 
not realized a representation as precise as desired for the data of Beattie, 
et al. [3] and Waxman, et al. [63,64]. This leads to a diminished accuracy (for 
the density), but not to irregularities or inconsistencies with the nonanalytic 
equation of state used here, as seen by inspecting derivatives of the P(po,T) 
surface in tables 6, 17, 18, 20, and 21. Other equations of state with a large 


number of adjustable least-squares coefficients fitted to inconsistent P-p-T data 
from different laboratories may yield inaccuracies in the all-important 
derivatives. 

Comparisons of calorimetric specific heats with calculated results are given 
in tables 14 and 15. The data of Sage and Lacey [50] are not consistent with the 
ideal gas state specific neats of other investigators, as was also noted ina 
paper by Dailey and Felsing [11]. Otherwise, the agreement is generally good for 
this difficult computation. Comparisons between the experimental enthalpies of 
Koppany and Lenon [35] and calculated values are vresented in table 16 for both 
gas and liquid at temperatures from 350 to 395 K. The average difference is less 
than 100 J/mol. 

In summary, the P(p,T) surface has been extended for compressed liquid down 
to the triple-point via the new compressibility data of Haynes [27], and has been 
improved by inclusion of the new vapor pressures and gaseous densities of Waxman, 
et al. [63,64]. However, there are still regions in which accurate data are 
needed for isobutane. A self-consistent and accurate set of P-p-T data, vapor 
pressures, and orthobaric densities at temperatures from 300 K to the critical 
temperature would probably be the most valuable contribution for improving the 
P(o,1) surface for isobutane. It would also be beneficial to have accurate 
Specific heat and sound velocity data to check the derivatives of the surface. 

Concurrently with the development of tne nonanalytic equation of state for 
isobutane at this laboratory, Waxman, et al. [63,64] also have been developing an 
equation of state for isobutane with a completely different approach. Both 
efforts use the same data base, including the new data sets. Preliminary 
comparisons of calculated thermodynamic properties for tne two different 
equations snow excellent agreement. The results from these two equations should 
supersede other correlations, wnich have been based on inaccurate and 
insufficient data. However, it should be emphasized that additional accurate 
data (in regions as noted above) are still needed to better define the P(o,T) 
surface for isobutane. 


5. Tables of Physical and Thermodynamic Properties 


5.1 Calculated P-p-T Isochores and Isotherms 
Tables 17 and 18 give a selection of isochores and isotherms computed by 
equation of state (6). These are essential to examine behavior of the P(p,T) 


15 


surface. Tney are a useful supplement to the isobars of table 21 for 
interpolating P-p-T values and their derivatives. 

The tables of isochores snow that the isocnore curvatures are qualitatively 
consistent with a maximum in the specific heat C(0,7) at the critical point. 
The isotherm tables show that oP/dap is nonnegative and that pressure increases 
monotonically with density along isotherms. 


5.2 The Joule-Thomson Inversion Locus 

Table 19 gives the P-o-T locus of the JT inversion, (OT/9aP),, = 0, 
obtained from equation of state (6) under the condition, T*(9P/3T) = p*(3P/ap). 
This table has been computed to temperatures well above those of P-p-T data, to 
show approach to a maximum in P-T coordinates. 


5.3 Thermophysical Properties of the Saturated Liquid 

Table 20 gives physical and thermodynamic properties of the saturated liquid 
computed by methods of section 3. (Properties of the saturated vapor can be 
obtained from Table 21 from values given at the coexistence boundary for each 


isobar.) 


5.4 Thermophysical Properties Along Selected Isobars 

Table 21 gives physical and thermodynamic properties on isobars, computed by 
methods of section 3. These tables are extrapolated above the maximum 
temperature and pressure of P-p-T data used for adjusting the equation of state. 
Small discontinuities may be detected at T = 407.85 K along isobars at 
P > Pe = 3.640 MPa due to a change in the paths of computation (section 3). _ 

The first line of each table refers to freezing liquid on the P(T) melting 
line. Each table at P < Re contains a blank line for the transition from 
saturated liquid to vapor, as seen by the abrupt decrease of density. Dielectric 
constants are extrapolated above maximum experimental temperatures and pressures 
(see section 2.10 and table 13), but have not been extrapolated above 450 K. 
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APPENDIX A. 
refer to critical and liquid triple points. 


Symbols and Units 
and t 
and & 


refers 


refer to saturated vapor and liquid. 
to liquid-vapor coexistence (usually the liquid). 
to 
to 
to 
to 


refers to ideal gas state property. 


refers reduced parameter. 


refers reference state property. 
refers melting line. 


refers normal boiling point. 


refers to experimental value. 
refers to calculated value. 


isocnore derivative, MPa/K 

isotherm derivative, MPa* m3/kg 

isochore curvature, MPa/K2 

nonlinear parameters in the equation of state 
coefficients defined in various equations 

Le - 1 in saturated vapor density equation 
coefficients defined in various equations 

(1 - B) + (1 = g)!/2 in equation of state 
density-dependent coefficients in the equation of state 
second and third virial coefficients 

reduced second and third virial coefficients 
exponent in Simon equation 

molal heat capacity at constant volume, J/(mol-xX) 
molal heat capacity at constant pressure, J/(mol-X) 
molal heat capacity for saturated liquid, J/(molek) 
Clausius-Mossotti function, cm? /mol 

the internal energy, J/mol 

23,747.7595 J/mol (arbitrary) 

exponent in various equations 

dielectric constant 

fugacity/pressure ratio 

used in definition of 9(p) 

defined in saturated vapor density equation 

defined in the equation of state 

defined in the saturated vapor density equation 
Gibbs free energy, J/mol 

enthalpy for ideal gas state at T = 0 
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APPENDIX A. (Continued) 


H(p,1T) the enthalpy, J/mol 

J the joule, 1 Nem 

JT Joule-Thomson 

L the liter, 1079 m 

mol 58.1243 grams of isobutane (cl2 = 12 scale) 

w(p,T) defined in the equation of state 

Pp pressure, MPa 

* melting pressure, MPa 

Pal) the vapor pressure, MPa 

P(e) Pelee) as vapor pressure as a function of density 

1(T) Bana 

o(0,T) function in the equation of state 

¥(0,T) function in the equation of state 

Qvan AH yap» the heat of vaporization, J/mol 

r(1) the gas constant, 8.3145 J/(mol*K), 0.0083145 MPa+L/(mol+k) 

A 0.0083145 o¢, MPa/K 

) density, kg/m 

Bi. P/Pes density reduced at the critical point 

Prt p/pz, density reduced at the triple point 

S(pel) the entropy, J/(moleK) 

T temperature, K 

To constant 

The Wee reduced temperature 

i (p) liquid-vapor coexistence temperature, K 

(To) Tg(e)/Tce, reduced temperature at coexistence for the equation 
of state 

o(p) defined locus of temperatures 

u(T) defined in various equations 

Vv 1/po, molar volume, m3/kg 

W(o,T) the velocity of sound, m/s 

x{T) (le = We ee) 

ol) T/100 

TE compressibility factor 


(1) The gas constant is increased slightly in value from earlier work in view 
of the recent report of Rowlinson and Tildesley [49]. 
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APPENDIX B. Conversion of Units 
In tne following table the molecular weight of isobutane is given by 


Mole Wie = 59\..1 243) g/mol AlSOsmalaicall = 1 cal (thermochemical) = 4.184 J 


and 1 BTUs = ] BT! (International ie = 1055056. Ji 
____ 70 convert from 43-96 10 Multiply by 
Pressure, MPa bar Qe 
atm 9.86923 
kg/cme 10.1972 
Ib/in? 145 .038 
Volume, m3 theete (CL) 1000. 
ft? 35.3147 
Density, kg/m g/cm? 0.001 
mol/L 1./(mol. wt.) 
1b/ft? 0.062428 
Molar energy, J/mol MPaem/kg 0.001/(mol. wt.) 
bar°*L/mol 0.01 
cal, ,/mol 0.239006 
BTU; 7/1b 0.429923/(mol. wt.) 
Molar entropy, J/(mol +k) BTU 7/(1b+°F) 0.238846/(mol. wt.) 


APPENDIX C. Fixed-Point Values for Isobutane 


Geieical, Point 


P. = 3.640 MPa 
Po = 224.36 kg/m? (3.86 mol/L) 
Mewes 107.85 K 


Normal Boiling Point 


P = 0.101325 MPa 
T = 26a te 

py = 2.841 kg/m? (0.04888 mo1/L) 
Pp = 593.71 kg/m? (10.2145 mol/L) 


Triple Point 


P, = 1.9481 x 10-9 MPa 

ee 1s .55) K 

ee 1.1994 x 100° kg/m (2.0633 x 10°° mol/L) 
Py = 741.38 kg/m? (12.755 mol/L) 


APPENDIX D. Isobutane Properties Reference Index 


Melting Line Date Pressure Range, MPa 
Reeves [47] 1964 150 - 1000 
Vapor Pressures Date Temperature Range, K 
Burrell [5] 1915 158 - 260 
Seibert [52] OMS 308 b= 9393 
Dana [12] 1926 249 - 353 
Sage [50] 1938 290 - 394 
Momnis, L42q) 1939 344 - 378 
Astony ili) 1940 188 - 262 
Gilliland [18] 1940 S02 = Ie 
Wackher [62] 1945 206 - 263 
Beattie [2] 1949 303 - 398 
Connolly [9] 1962 344 - T, 
Hirata [31] 1966 295) lhe 
Gilmour [19] 1967 261 

Waxman [63,64 ] 1980 298 - 398 
Thermal loops (This report) 1982 ke 2a) 
Saturated Liquid Densities Date Temperature Range, K 
Dana [12] 1926 273 - 329 
COF haan tice 1928 245 - 298 
Van der Vet [60] 1937 233) 5= 923 
Sage [50] 1938 294 - 394 
Morris [42] 1939 eins B73 
Benoliel [4] 194] 213) =" 1298 
Carney [6] 1942 228 - 333 
NGAA [58] 1942 228 988 
Wackher [62] 1945 224 - 273 
Beattie [2] 1949 303 - 398 
Cilmour [19] 1967 26 | 
Sliwinski [54] 1969 283 - 363 
Kahre [33] 1973 278 - 328 
Rodosevich [48] 1973 W420 
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Saturated Liquid Densities 


McClune [40] 
Haynes [29] 
Orrit [43] 


Saturated Vapor Densities 


Dana [12] 
Sage/Lacey [50] 
Sliwinski [54] 
Waxman [63,64] 


APPENDIX D. 


Virial/vapor pressure equations (This 


report) 


Virial Coefficients 
Jessen [32] 

Sage [50] 

Morris [42] 

Beattie [3] 
Kretschmer [36] 
Gunn [25] 

Connolly [9] 

Strein [57 ] 


Compressibility Data 

Sage [50] 

Morris [42] 

Beattie [3] 

Waxman [63,64] 

Haynes [27] 

Virial equation (This 
report) 


Date 
1938 
1939 
195U 
1981 
1982 
1982 


(Continued) 


Date 
1976 
1977 
1978 


Range nO alij wk 


294 
S11 
423 
378 
120 
270 
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- 394 
- 511 
- 573 
- 448 
- 300 
=o7 0 


Temperature Range, K 


2 Sha ley 
MS = 300 
129 - 249 


Temperature Range, K 


250i) - "303 
294 - 394 
283 - 368 
378 - 394 
WS 260 


Temperature Range, K 


2731303 
294 - 394 
411 - 511 
A238) 0-573 
8038 

344 - 51] 
344 - 444 
296 - 494 


Range of P, MPa 


O07) yn Oley, 
Ooi) SA 
220) ie VOLS 
Ss) ACh 
OTE yea MUSA 
Oe ar Ore 


APPENDIX D. (Continued) 


Specific Heats Date Type Range of T, K 
Dana [12] 1926 Cal) 259 - 29] 
Parks [45] 1937 Call) 115 = 756 
Sage [51] 1937 Cy(T) 294 - 444 
Sage [50] 1938 Cy(T) 294 - 394 
Aston [1] 1940 CAT) Lene 
Dailey [11] 1943 Cy(T) 348 - 693 
Wacker [61] 1947 Cp(T) 243 =) 353 
Ernst [16] 1970 Cy (T) 293. =) 358 
Chen [7] 1975 c9(T) Spectroscopic 
Heats of Vaporization Date Temperature Range, K 
Dana [12] 1926 270 - 330 
Sage [50] 1938 290) =) 390 
Aston [1] 1940 261 

Hanson [26 ] 1946 244 - 405 
Das [13] 1967 261 - 400 
Das [14] 1973 261 = 400 
Thermal loops (This report) 1982 in - 250 
Clapeyron equation (This report) 1982 115 = 405 
DielectricuConstants: Date Temperature Range, K 
Sliwinski [54] (index of refraction) 1969 283 - 368 
Pan [44] 1975 W142 =e 
Thompson [59] 1980 228 

Luo [38] 198] 220 - 250 
Haynes [27,30] 1982 115 2=2800 
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APPENDIX E. Computer Program 


PROGRAM IBTHRMB (INPUT ,OUTPUT) 
REVISION OF IBUTANE THERMOFUNCTIONS, RDG/NBS, START JAN. 26, 1981. 
COMMON GK,GKK, B1,82,B3,84,B85, C1,C2,C3, £1,E2,£3, ER, IX 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR ,DTHDR ,DDSDT 
COMMON/4/XB1,XB2, XC1,XC2, XE1,XE2, DXBDR,DXCDR,DXEDR 
COMMON/6/ TSAT, THETA, PSAT 
COMMON/8/ IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
COMMON/9/ DNG,EG,HG,SG, CVG,CPG,WG, DPGDT,DPGDD 
COMMON/11/ DELS, DELCV 
COMMON/12/ZCRT,ZCALC,DZDT, ZSAT,DZSDT, ZFX, FRT,DFRTDT 
COMMON/21/ TPS(70) 
COMMON/95/ PIS, DIS, DPTIS, DPDIS 
COMMON/99/ TI,EZZ, EZ,SZ,CVZ, HZ,CPZ 
DIMENSION HZA(70), SZA(70), PP(99) 
DATA (WM=58.1243) ,(PA=1.01325) ,(GJ=3.3145) 
FORMAT(I5, 2F10.0) 
FORMAT(I5, 3F10.0) 
FORMAT(8110) 
FORMAT (1X) 
FORMAT (8F10.0) 
FORMAT(1H1 13X * IBUTANE ISOBAR AT P =* F10.6, 4H MPA / ) 
FORMAT( 9X1HT 8X3HDEN 9X3HDEN 8X1HZ 5X5HDP/DT 5X5HDP/DD 
2 8X1HE 8X1HH 8X1HS 6X2HCV 6X2HCP OX3HF/P 5X1HW AXS5HDIEL. / 
3  9X1HK 6X5HMOL/L 7X5HKG/M3 9X 5X5HMPA/K 1X9HMPA-M3/KG 
4 4X5HJ/MOL 4X5HJ/MOL 2X7HJ/MOL/K 1X7HJ/MOL/K 1X7HJ/MOL/K 
5 12X 1X5HM/SEC 4X5HCONST ) 
WME ORMAN( IX FO. 3), £11.45 E12.5;) F9.5, F1l0.6, Fl0.5, 
ie Zeon, F968. 268.2) El2.5, 16, F9.5) 
20 FORMAT(1H116X*TEST IDEAL FNCTNS*/17X 3HT,K 7X3HHZA 7X3HSZA ) 
21 FORMAT(10X F10.2, F10.1, F10.3) 
80 CALL PVTDATA 
CALL PEEK $ CALL ISOTHRM 
COMPUTE THERMOFUNCTIONS ON ISOBARS. START ON THE MELTING LINE. 
NOTE, ISOBAR P=PCRT OK, BUT ISOTHERM T=TCRT IS EXCLUDED. 
ISOBARS AT P UNDER PCRT TRAVERSE THE DOME. 
NOTE USE OF QVAP ,DATA, TO CROSS THE ,DOME,. 
NOTE USE OF CSAT ,DATA, FOR SPECIFIC HEATS IN COMPRESSED LIQUID. 
NOTE TPS(IK) USED BY COMPRES. 
GE RUGAGITIES 9 b/Ps VIA HS. HZ )eSZGmr = (J aR SELY). 
SAVE HZA(79), SZA(70) FROM 90 THRU 700 K. 
Bom DOMSon I/O: a Si ies LOAd! | GS CAMIEIDEAL= "S" HZA()i = HZ 
Bon SZA(I)) ="Sz 
87 PRI ZO S DOSS JealZ Os yp Ss Neus 
Soe PRINT 2. 1. HZAC). SZA( I) 
SON CALMIMLOCUS: “Se ICAU TABLTO 
SO UN s 1 GS WSs 5/7 (8 Reh O. (eta 
Oi DO: SOO. WSN NI SKS ss US Sa) 
97 Pe MPPKGI)) eS el deO25)) P= PERT 
93 PK ==P710 $ PRINT 14, PK $ PRINT 16 


DMPO OIWMr-H 


ay 


), 1=1,NI) 


100 T = FINDTMF(P) $ CALL COMPRLQ $ V=1/DEN $ IW=W 
LOT SSP DEN/EKK/MT “S SDIE = DIEUE (DENS TP) 

102 iS CALE IDEAS GNB = H=BAZeHZ .— i( S=SZ) 
HOSS Pe ENP GB Gis S EOP = XPAPA/P S$. CALESCON 


Sill 


104 PRINT. 175 1 DEN, DISS 2. DPTES SOP DES EnsSi CV CPi hOP sii die 
105 Ut = P/O $I PIETE PERT) UO RESO 
GASESFOR sPMEESS THAN PCRS. 
110 TPS( IK) ="0S =F INDISE (Pi) Se tikes la 
112 DO 150) J=1,99 $ Tat = TOs (iid) 
112 IE TL Ss 
113) CALL «COMPRES $))Vir= cE DEN a7 Sie AW awd 
114 Z = P/DEN/GKK/T $ DIE = DIELF(DEN,T,P) 
M =JT/10 $ GIB = H-EZZ-HZA(M) - T*(S-SZA(M) ) 
XP = EXP(GIB/GJ/T) $ FOP = XP*PA/P $ CALL CON 
115 PRINT 17,’ 1, DEN,DIS;Z5 DPTISS ORDIS EB SnyS.(CV. CPeyanOP ai Werpiies 
16 GO f0 1150 
VL ES = US Fy Se UEC ES EO Mia MARIO 
CASE FOR SATURATED LIQUID AND VAPOR. 
120 T= TS $ CALL COEXIST $ V=1/DEN $ VG=1/DNG $ IW=W $ IWG=WG 
121 Z = P/DEN/GKK/T $ ZG = P/DNG/GKK/T 
122 DIEL = DIELF(DEN. TP) 9S  DLEG™ = sDELa CONG AieP)) 
123 Tl = 7 $ CALL IDEAL .$ GIB -SH=B2Z-HZ —, 14(S=SZ) 
124 FOP = EXP(GIB/GJ/T)*PA/P $ CALL CON 
125 PRINT 17, 7 ,DEN,DIS,Z; DETRISOPDIS. (Bsn. Ss. CV CP GOP TW nies 
126 PRINT 5 $ DIS=DNG*WM $ DPTIS=DPGDT/10 $ DPDIS = DPGDD/10/WM 
127 PRINT 17, 1,DNG,DIS,ZG,DPTISDPDIS.EG HG. SG, CVG, CPG. FOR SLWG Site 
1238) 1 = 00 
CASES FOR THE HOMOGENEOUS DOMAIN. 
130, TRCI TG 500 iSi32 
131 K = Ktl $ T= aie 1Ose Sere di. Gi-00) s00Rls2 
132 CALL GENIUS $ V=1/DEN $ IW=W $ Z = P/DEN/GKK/T 
133 STFC 2G 450) 134 ois5 
134 DIET=)0' 7S: GO 10136 
135) DIES OVELR (DEN Te) 
136 M =JT/10 $ GIB = H-EZZ-HZA(M) - T*(S-SZA(M)) 
137 XP = EXP(GIB/GJ/T) $ FOP = XP*PA/P °$ \GALL CON 
141) PRINT 17, DEN DIS; Z,; DPTIS DPDISH Ess Sy CV. Ce FOP twp tes 
150 CONTINUE 
FOR PGE SPCRT; CASES FOR’ Tish OR il..Gile mi GRan 
V80 TPS(IK) = WCRI VS Krai i@ 
181, D0; 250 J=1,99) 1S =i pay LOIN ral) 
S27 TRCN Lh CRI) oO n 210 
CASE A ROR W-LESS “THAN ICRI. 
190) CAEL COMPRES); $V =) 1/DEN) $i) RWW 
Tot 2 = P/DEN/GKK/T '$ DUE s= DTELECDEN AP) 
192 M =JT/10 $ GIB = H-EZZ-HZA(M) - T*(S S-SZA(M) ) 
193 XP = EXP(GIB/GJ/T) $’ FOP = XP*PA/P S$ CALL CON 
194 PRINT 17 07 DEN. DIS 2.) DPT USS DPDTS) BSH: S\CVe CPA BORE Wise 
195 \G0) 107250 
CASE FOR T ABOVE TCRT, HOMOGENEOUS DOMAIN. 
210) TE CIh SGi 2500). 2115220 
211 K = Kel $) TOT = 0 ORK Se ENTE Gite OO 3001220 
220 CALL GENIUS $ V=1/DEN $ IW=W $ Z = P/DEN/GKK/T 
220 TEA TG 450) 222223 
222) DUE = On Si GOV 0 7224 
223) DIE = DIEU CDEN Sos) 
224 M =JT/10 $ GIB = H-EZZ-HZA(M) - T*(S-SZA(M)) 
225 XP = EXP(GIB/GJ/ 1) "$ FOP '= oXP*PA/Ph Si CALMCON 
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(WPA DY 


(Ry () G2 GP 


226 
250 
300 
B99 


OOH OF wWMrFr 


05) 
16 


17, 
18 


BRN ees DENS DIS 2 UDP Id S.DeDIS se shes. CV. CP. EOP IW, OTE 
CONTINUE 

CONTINUE 

STOR issn GEND 


SUBROUTINE COEXIST 

GIVEN T AT COEXISTENCE, GET BOTH VAPOR AND LIQUID FUNCTIONS. 

BORSVACOR. GE) DNGSEGSHG. SG, CVG. CPG.WG, DPGDT,DPGDD, - 

OR eLOULO GEO RDEN SESH. S. .CN. Ce. CoAn.W. DPDT,DPDD. 

COEXIST CALLED BY COMPRLQ. P NOT USED, MUST NOT CHANGE. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR ,DTHDR ,DDSDT 
COMMON 87 TINSUKA PST. DEN, ESH.S, CV,CP,CSAT,. W.WK 
COMMON/9/DNG,EG,HG,SG, CVG,CPG,WG, DPGDT ,DPGDD 
COMMON/11/ DELS, DELCV 
CONMON/OS/ hl EZZ.. EZ {SZ.0NZ. HZ CPZ 
DATA (Q=1.01325) ,(G=0.083145) 

BORMAN (THON 9X *T EXCEEDS TCRT. IN COEXIST. * / ) 

MEG Gio GCRT) 3.4 

CRN ob a. SLO 

PS = PSATF(T) $ DNG = DB = DENGASF(T) 
Peli RO CALE A LOEAL SC Sah = LS SDA SUL 
BGESeE ee ee FaEDEUE (ESM 1 OASDB) i$. HG 
SG = SZ + DELS - 100*G*ALOG(G*T*DB/Q) 

He EO. CRT) 9), 11 

PX = PVTF(T,DB,1) $ DPGDT = DPDT $ DPGDD = DPDD 

CPG = CVG = WG=0 $ GO TO 15 

GViGu=sCVZi+ DELCV. .$ PX = PVIE(1,DB,1) 

CPG = CVG + 100*T/DPDD*(DPDT/DB)**2 $ WG = SQRT(WK*CPG*DPDD/CVG) 
DPGPT = DPDT $ DPGDD = DPDD 
NOW TRAVERSE THE ,DOME, USING QVAP ,DATA,. 

DEN = DL = DENLIQF(T) $ DDLDT = DDSDT $ QV = QVAPXF(T) 

eG Oa Se Su SGU VON ATS iE Hl — LOO*PS/DL 
THIS RETURN AT 16+ USED ONLY WHEN CALLING SSATFIT, HSATFIT. 

Gh EOC Ri) ake 5.119 

PX = PVTF(T,DL,1) $ CP=CV=CSAT=W=0 $ RETURN 


= 0 
BGatwLOOxP:S/DB 


MST ESAT == CSATXR(T). $. BX = PVTE(T SDL..1) 
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30 


CV = CSAT + 100*T*DPDT*DDLDT/DL/DL 
Cee OVed LOCA DPDDACDPDT/ADE)A*2 
W = SQRT(WK*CP*DPDD/CV) $ RETURN $ END 


SUBROUTINE COMPRES 

SAVES COMPUTER TIME INTEGRATING COMPRLIQ AT T.LT.TCRT. 

GOR > et NIEGERY MUI PEES OF 107K. FIRST, TSOBAR USES COMPREQ,. 

FOR SUCCEEDING ISOBARS, START ON PREVIOUS ISOBAR, EXCEPT - 

AT TEMPS GE TPS(IK-1) ON PREVIOUS ISOBAR, MUST USE COMPRLQ. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR,OTHDR,DDSDT 
COMMON/8/ IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
COMMON/11/ DELS, DELCV 
COMMON/21/ TPS(70) 

DIMENSION DK(50) ,EK(50) ,SK(50) ,CK(50) 


I EORMAT(UHOLOXS* 1 (GE TCRTe IN COMPRES. * /. ) 
2 URGE CRI) 334 
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PRINT 1” $9 STOP 
J-= h/10° $2 TEC = 10*d))) 536 
CALL COMPRLQ $ ~ RETURN 
FRCIK CEOs IN) 739 
CALL COMPRLQ 
DK(J)=DEN $ EK(J)=E $ SK(J)=S $ CK(J)=CV $ RETURN 
C INTEGRATE FROM OLD DEN TO NEW DEN ON GIVEN ISOTHERM - 
C EXCEPT IF T EXCEEDS OLD TMAX, USE COMPRL(). 
9 TF ( 1 .GE.TPS(IK=1))) GO) 10m, 


Om D OF Ww 


10 DA=DK(J) $ DK(J) = DEN = DB = FINDENF(T,P) $ N = 13 
11 EK(J) = E = EK(J) + EDELF(1,N,T,DA,DB) $ H = E + 100*P/DB 
12 SK(J) ="S =" SK(J) + DELS) S$ CK(d): = CVo— CK(9) >= DEECY 


C GET NEW DP/DT, DP/DD, CP, W. 
15 PX = PVTF(T,DB,1) $ CP = CV + 100*T/DPDD*(DPDT/DB)**2 
30 W = SQRT(WK*CP*DPDD/CV) $ RETURN $ END 


SUBROUTINE COMPRLQ 
GIVEN P,T FOR COMPR.LIQ. AT T.LT.TC, GET DEN AND FUNCTIONS. 
REVISED TO USE HSATF, SSATF, CSATXF, BUT NOT COEXIST. TIMESAVER. 
INTEGRATE ALONG ISOTHERM T FROM SATLIQ UP TO POINT (P,T). 

COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRI, DGAT,DTRP,TTRP,PTRP 

COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR,DDSDT 

COMMON/8/ IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 

COMMON/11/ DELS, DELCV 

1 FORMAT(1HO 9X *T NOT UNDER TCRT IN COMPRLQ.*/) 

ZF GEeGE aC Rip) one 

3 PRINT -$. STOR 

C GEY PSAT, DENLIQ, AND SATLIQ FUNCTIONS FOR START. 

4 PS = PSATF(T) $ DL = DENLIQF(T) $ DDLDT = DDSDT 

6 HS = HSATE(T)): $* ES = HS = 100*PS/DE S0sSS: —eSSATEGh) 

7 *TACh Gi. 340) 89 

8 CVS = CVSATF(T) $ GO TO 10 

9 PX=PVTF(T,DL,0) $ CVS = CSATXF(T) + 100*T*DPDT*DDLDT/DL/DL 

C INTEGRATE UP TO POINT (P,T 


(sxe) (iedalsyr) 


(Ge) (FR) 


oT). 
10 DB = FINDENF(T,P) $ DX = DB - DL $ IF(DX.GT.O) 11,20 
1M = 14 “$> BE = ES +-EDERR CleMar Deas) 
12H = E + 100*P/DB $° S ="SS-* DEESE 7S. cCVie— CVS eaDenGy, 
13 PX = PVTF(T,DB,1) $ CP = CV + 100*T/DPDD*(DPDT/DB)**2 


14 W = SQRT(WK*CP*DPDD/CV) $ DEN = DB $ _ RETURN 

20 DEN=DL $ E=ES $ H=HS $ S=SS $ CV=CVS $ PX = PVTF(T,DL,1) 

21 CP = CV + 100*T/DPDD*(DPDT/DL)**2 $ W = SQRT(WK*CP*DPDD/CV) 
30 RETURN $ END 


SUBROUTINE CON 
C CONVERT TO SI UNITS FOR P, DEN, DP/DT, DP/DD, 

COMMON/3/DPDT,D2PDT2, DPSDT,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR,DDSDT 
COMMON/8/IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
COMMON/95/ PIS, DIS, DPTIS, DPDIS 
DATA (WM = 58.1243) 

1 PIS = P/l0 $> DIS = DEN*WM 

2 DPTIS = DPDT/10 $ DPDIS = DPDD/10/WM 

9 RETURN $ END 


FUNCTION CSATXF(T) 
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(ae) (Gr) (Sie) (qe) 


(Se) (Gee) Gre) (Se) GR) (SF?) 


he 


re 


OOONANA ANP WNMrE 


OP WMr 


POW OND OA PWPwrFr 


IBUTANE SATLIQ CSAT, J/MOL/K. 
CONSTRAINED AT TRIPLE AND CRITICAL POINTS. 
Y # (S-SCRT)/(STRP-SCRT), X # (TC-T)/(TC-TT). 
Vex (ENO) CANS tr 2eXeit ASM -Bey ies Vet"). 

DIMENSION AS(7) 

DATA (NFS=7) ,(ES=0.39) ,(TTRP=113.55) ,( TCRT=407 .85) 

DATA (STRP = 108.80035) ,(SCRT = 278.16100) 

DATA (AS = 0.1513538214, -0.7213490782, 0.5916513456, 
1 -0.8071403525, -0.6495769380, 1.568590395, -0.9190175694) 
FORMAT(1HO 9X *CSATXF, T.GT.TCRT. * / ) 

IF(TCRT-T) 3,4,5 

PRUNT or tS, ee STOP 

CSATXF = 0 $ RETURN 

XN=TCRT-TTRP $ X = (TCRT-T)/XN $ DXDT = -1/XN $ SN=STRP-SCRT 
ERS XESE SON Sy EV IXE (XG (Se TV) SS ES*XE/X° 1 
eel" $° DOP OMK=ININES) «$, oles = 1 $ UXL) HeXF SL 

Pie EA ONS (KK ieX Ay S, Ze 2 Eh EAS (Ki) *X/X 
CONTINUE $ DSDT = SN*(1 + V*Z1 + V1*Z)*DXDT 
CSATNE aS eT SDSDT aS eRETURN  $ “END 


FUNCTION DELTAF(T,D) 

GET (T*DP/DT - D*DP/DD) FOR THE J-T INVERSION CURVE. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR ,DDSDT 
IF(T-TCRT) 2,4,4 
DE = DENLIQF(T) $ IF(D-DL) 3,3,4 
DELTAF = 1.0E+100 $ RETURN 
P= PVC TD 51) 

DELTAF = ABS (T*DPDT-D*DPDD) $ RETURN $ END 


FUNCTION DENGASF(T) 

ISOBUTANE CONSTANTS VIA REVISED THERMALOOPS, SEPT. 23, 1980. 

DESIGNED FOR ZSAT = 1 AT LOW DENSITIES, 5/29/77. 

USE ZSAT # PS/DS/GK/TS WITH VAPOR PRESSURES, AND ZCRT. 

Z = 1 + (ZCRT-1)*PI*F(X)/X/X. 

F(X) # 1 + AL*UE + A2*U + A3*EXP(EGX*(1-1/U)). 

NOTE ZSM1 FOR FUGACTY, NOT IN COMMON HERE. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR ,DTHDR,DDSDT 
COMMON/12/ZCRT,ZCALC ,DZDT, ZSAT,DZSDT, ZFX, FRT,DFRTDT 
DIMENSION AV(3) 

DATA (EG=0.35) ,( EGX=1.20) ,( GKK=0.083145) 

DATA(AV = -0.7915031451, 0.8047327238, 1.885335494) 
FORMAT(1HO 9X *T EXCEEDS TC IN DENGASF. * / ) 
TR(NERH-1) 3,4,5 

PRINT 1 © S$G2>STOP 

DENGASF = DCRT $ DDSDT = 1.0E+10 $ RETURN 

ENP ZGRi= tae SenRG = PERT@ $ “P= PSATE(T) 


Diaby Cmmon arial = DeSDIVPC Uo. Ca-malCRT SX =eh/ 1c 
CR St UP ial x 

VE =U**EG $ UE] = -EG*UE/U 

EGXU = EGX*(1-1/U) $ IF(EGXU.LT.-270) 10,11 

NP = PIL SO 85 60) Oe 


XP = EXP(EGXU) $ XP1 = -EGX*XP/U/U 


85 
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C 


C 


GG GruiGs Go Gan Gn 


12,F = 1+ AVCI)AUBS ST AVC2) UD AVC 3) XP isi k sits 

13 Fl = AV(1)*UE1 - AV(2) + AV(3)*XP1 

15 ZSML = ZN*PIXF/X20 $4 VZSAT Zl ZSMT 1S A ZOARG iz: 
16 DZSDT = DZDT = (PI*(F1-2*F/X)/TC + F*PIT)*ZN/X2 


17 DENGASF = P/T/Z/GKK 


1 


—y 


8 DDSDT = (DPSDT - P/T - P*DZDT/Z)/T/Z/GKK $ RETURN $ END 


FUNCTION DENLIQF(T) 
IBUTANE SAT.LIQUID DEN, MOL/L, (DCRT=3.86), RDG, FEB. 19, 1981. 
DEN = DCRT + YNL*(X + (XE-X)*Y), | YNL # DTRP - DCRT. 

YP AL + A2%Kc Hh AS*X20 + AGeXS 

COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR,DTHDR ,DDSDT 

DIMENSION AW(3) 

DATA (EL=0.35) ,(NFL=3) 

DATA (TTRP=113.55) ,(TCRT=407 .85) , (DCRT=3.86) ,(DTRP=12.755) 

DATA(AW = 0.788817981, -0.016084282, -0.085235274) 


1 FORMAT(1HO 9X *DENLIQF = 0, T EXCEEDS TCRT. * / ) 

2 TE(HERT =I) 34.5 

SSPRUNTe ts eS. ey SOP 

4 DENLIQF = DCRT $ DDSDT = -1.0E+10 $ RETURN 

5 XN=TCRT-TTRP $ X=(TCRT-T)/XN $ X2 = X*X $ DXDT = -1.0/XN 
6 XE=OX**EL SUSE XE aa Xe Se ew iE Bexar 

7TYL Ss 2Y¥o =O) Sa DOW SuK= 155 NEY aSip ie 8 Ke Se Kile Xe 

8 Y = Y + AW(K)*XL $ Y1 = Y1 + AW(K)*L*XL/X 

9 CONTINUE $ YNL = DTRP - DCRT 

1 DENETOR <= DCR YN (Xe EUs) 

2 DDSDT = YNUA( US UAYL + ULAY )ADXDI Sh RENURN SEND 


FUNCTION DIELF(D,T,P) 
IBUTANE CONSTS., RDG, MARCH 7, 1981, VIA HAYNES DATA. 
CM,RMSPCT = 0-059; E,RMSPCT = 02015. 

CM = Al + A2*R + A3*R2 + A4*LN(14+B/X) + AS*PI. 

DIMENSION A(5) 

DATA (B=1.0) ,(DCRT=3.86) ,( TCRT=407 .85) 

DATA(A = 19.867026, 0.67936208, -0.22747774, 

1 0.99472904, -0. 0056375024) 
D/DCRT | $i X= W/TCRP a SemG 


Qi = (1437). ¥ SUAPT7=)P/180 
CM = A(1) + A(2)*R + A(3)*R*¥R + A 

k= ) 

R 


ALOG 
(4)*G) +1 A(5)*P 0 

CM*D/1000 $ DIELF = (2*Z+1)/(1.0-Z) 

ETURN $ END 


FUNCTION EDELF(L,M,T,DA,DB) 
GET CHANGE OF E, S, CV WITH DENSITY ALONG ISOTHERMS. 
GET EDELF, DELS, DELCV FROM DA TO DB ON ISOTHERM T. 
ROMBERG NUMERICAL INTEGRATION VIA - 
CARNAHAN/LUTHER/WILKES, APPLIED NUMERICAL METHODS, P. 90, 
JOHN WILEY AND SONS, INC., N.Y., 1969. 
NOTE, VALUE OF LD CONTROLS CONVERGENCE LIMITS. 
NOTE, NMAX = M, NK = FINAL, TOTAL SUBDIVISIONS OF INTERVAL DX. 


COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 


COMMON/3/DPDT ,D2PDT2,DPSDT,DPMDT ,DPDD ,DPDR,DTSDR ,DTHDR,DDSDT 
COMMON/11/ DELS, DELCV 

COMMON/12/ZCRT,ZCALC,DZDT, ZSAT,DZSDT, ZFX, FRT,DFRTDT 
DIMENSION E(20), S(20), C(20) 
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CQViGD 


DATA (LD=2) ,(DI=0.00001) ,(G=0.083145) 
RORMAT(UHOOX* EDEL EL —=<12. 5H) Ni =13 5H.) = PS .356h), DA =El0.4, 
Ghee DB —ENOr4 "6H ED) =12)/7, 
2 10X 1HN 7X5HEDELF 8X4HDELS 7X5HDELCV ) 
2 FORMAT(1HO 9X 6HEDIF =F10.3, 8H, SDIF =F10.5, 9H, CVDIF =F10.3) 
SRO MANICGX oul. Sy Ble 5., Fll23)) 
4 FORMAT(1HO 9X *EDELF NG AT TCRT FOR CV AT DEN NEAR OR GT C.P.*/) 
FOR DA=0 AND DB.LE.DI, IDEAL GAS, EDELF=DELS=DELCV=0. 
FOR DA=0 AND DB.GT.DI, START ROMBERG WITH DA = DI, - 
TO AVOID INFINITIES IN ORDINATE FUNCTIONS AT DA = O. 
See SDM DERT/2 S$ DL = 0 -98*DCRT 
Oy7K = 11-0 = 1/ZCRI, S$ RK = 100*G*TCRI/DCRT 
MOM URGE BQ0)) 1,14 
Lt WIP (DIV [es SD) oka: 
IZED ELE DEES — DEECV = 0 > RETURN 
13 DA = DI 
GET FIRST TRAPEZOID AREA, E(1) ETC., FROM DA TO DB. 


De OB = DA S$ P= PVTR(T DAO) $  TE(DA.LT.DM) 16,17 
GME =aRK<(ZKAZSAT*ZEX + PRI — T*DFRIDT) , $, GO. 10: 18 

17 EA = 100*(P-T*DPDT)/DA/DA 

MUR EO.0) 19520 

EOUSAe— 7 —RKDERIDT. S$ GO) 10 21 

20 SA = -100*DPDT/DA/DA 

21 CA = -100*T*D2PDT2/DA/DA 


27a PVE. DB,0) S$. “IF(DB-LT DM) 23,24 


CRE BEER AKAZSAT*ZEX + FRI = I*DERTDM), ($. G0, 10 25 
24 EB = 100*(P-T*DPDT)/DB/DB 

Asma Gls O)-0))) 26,52 7, 

Z26nSBy— -RKADPRIDT .$ GO TO 28 

27 SB = -100*DPDT/DB/DB 

28 CB = -100*T*D2PDT2/DB/DB 


29 E(1)=(EAtEB)*DX/2 $ S(1)=(SA+SB)*DX/2 $ C(1)=(CA+CB)*DX/2 
INTERVAL HALVING, GET E(N+1), ETC. 

S000) 60 N=1 5M. °$ ..K.> N+. 1 

Si Ne—a2eeN) KS DXN = DX/2**N.0$ E(K) = S(K) = C(K) =.0 

33 D0 45 J=l,JM.2 $ NK = NK+l $ ODN = DA + J*DXN 

Cee VB DNO)), toa TE ODN Et OM) (35)36 


So Epa RKIZKAZSAIAZEX PRE = i*DERTDT)) | $'" GO 10.37 
36 EB = 100*(P-T*DPDT)/DN/DN 

37 UF (es O).0)) sisi 59) 

S8USBe=) SRK~DERIDE $. GO! 70),40 

39 SB = -100*DPDT/DN/DN 

40 CB = -100*T*D2PDT2/DN/DN 


SBMS CU ea CiK) TCR 
*DXN 


a SUCONTMUNUE VS eae (K) =) EN ) 
) = C(N)/2 + C(K)*DXN 


BI eK) EB Si S(K = SK) 
(Avan Ne 
AS SUK) Sy SUN) IZ SUR) OG MSG 


+ 
(K 
(K 

TEST FOR CONVERGENCE. 
50 ED=ABS(E(K)-E(N)) $ SD=ABS(S(K)-S(N)) $ CD=ABS(C(K)-C(N)) 
59 SU BUE DRI OR 4D) 547 60. 
5A TECSD ETO) 002/1D)) 55 560 
SS ME EORIERT AND DBaGi .DZ)i GO) 10) 57 
56 IF(CD-L1.0/.04/LD) 57,60 
STEVE SEK) S DEUS — OS) Ss  DELCV = C(K)) "> RETURN 
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60 CONTINUE $ N=M $ NM=N-1 $ NP = Nl 

610 PRINT 1. lesaNs cl DAS DBS AED 

62 PRINT 3, NM,E(N NM) ,S(NM) , ¢(NM) $ PRINT 3, N,E(N),S(N),C(N) 
64 PRINT 3, NP,E(NP), S(NP). CONP) = sSiucPRINT 26 ED SD ED 

99° STOR 255) END 


FUNCTION FINDENF(T,P) 

C ON ISOTHERM T, FIND DEN, MOL/L, TO MINIMIZE (P-PC) VIA EQNSTATE. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCPT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPOT,D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR,DTHD2,DDSDT 
DATA (GKK = 0.083145) 

41 FORMAT(1HO 9X *FINDENF 

42 FORMAT(1HO 9X *FINDENF 

43 FORMAT(1HO 9X *FINDENF 
DM = 1.05*DTRP 
IF(P.GT.0) 1,35 

ES ERIN) Zac 

Be =DENGASF(T) $ DL=DENLIOQF(T) $ PS=PSATF(T) $ IF(P-PS) 3,32,4 

= DG/2 S$ “GOO 

= (DLE+DTRP)/2> S$: GO) 10-11 

G=DL=DCRIn. S$ -PS-PCRin 3b. -ale (P=eS)norss a7 

= DER/2, 3S GOmTOirt 

= 2<DCRI |S. GOmlOml 

(T.LT.450.0) 9,10 

= PVTF(T,DCRT,O) $ IF(P-PC) 6,33,7 

D = DCRT 

DO 30 J=1,50 $ DP=P-PVIF(T,D.1) $ IF(ABS (DP/P)=1.0E-7)e siesaate 

IF(DPDD.GT.O) 13,34 

= DP/DPDD $ IF(ABS (DD/D)-1.0E-7) 31,31,14 


Ost IRALISS: 1On CONVERGE 0 w/e) 
DCRT, DP/DR ZERO OR NEG. * / ) 
0, DOUBLE-VALUED AT P = PSAT. * / ) 


MRRP RRR RR RH 
OOMODNAYANMPHPWNHRPOW OND OAIHPWNHMHEF 
t=) 
=>] 


D= D+ DDE 2s. TR(D.GH020)) 1605 
D = P/GKK/T $ GO TO 30 
IF(D.GT.DM) 17,18 
D=DM $ GO TO 30 
TF (T=TERT)) 19/24 530 
DECREE S e202 
IF(D.GT.DG) 21,30 
ZV DE= DG WS GOs TOg30 
22 ED ET DE)eZ3 330 
23 = DEES. GOLTOnRS0 
24 TE (PET PERT) 25227 
25 LEC DeLT.DERT) 30526 
26 D = DERT — 0-02. $. G0s10) 30 
27 IF(D.GT.DCRT) 30,28 
28 D = DCRT + 0.02 
30 CONTINUE $  PRENT 4S SLOe 
31 FINDENF = D §$§ _~ RETURN 


PRINT 43 $ STOP 

FINDENF = DCRT $ RETURN 

FINDENF = DCRT $ PRINT 42 $ RETURN 
FINDENF=DPDT=D2PDT2=0 $ DPDD=GKK*T $ DPDR=DPDD*DTRP 
RETURN $ END 


WwW WW 
WP 


W WwW 
DN oO 


FUNCTION FINDTMF (P ) 
C GIVEN P ON THE MELTING LINE, FIND T FOR IBUTANE. 
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xe (P=PTIRE N/A oe See IND IME = ShGRP*XAS(1 0/2) S$. RETURN $ END 


FUNCTION FINOTSF(P) 
C GIVEN VAPOR PRESSURE P, ITERATE T TO MINIMIZE (P-PC). 
COMMON ACAI BE. GAL DEEP bie DER ICRTPCRI. DGAT DURE. TIRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSNT ,DPMDT ,DPDD .DPDR,DTSDR DTHDR,DDSDT 
FORMAT(1HO 9X *FINDTSF = 0, FAILS TO CONVERGE. * / ) 
FORMAT(1HO 9X *FINDTSF = 0, P EXCEEDS PCRT. * / ) 
IF(P-PCRT) 4,11,12 
T= 300 $ DO 9 J=1,50 $ DP = P - PSATF(T) $ ADP = ABS (DP) 
IF(ADP/P-1.0E-7) 10,6,6 
IF(ADP/DPSDT/T-1.9E-7) 10,7,7 


oul 


J 2 2 DP/DPST Ss WE een) Sosa 
i = TeCRT 

CONTINUE $ “PRINT Il $ STOP 

10 FINDTSF = T $ RETURN 

I INOGSE =) NCRW —$ RETURN 

AMBIT ZS SOP SEND 


OONANA A HPwWPHrF 


SUBROUTINE GENEOUS 
é GIVEN P,T FOR THE HOMOGENEOUS DOMAIN - 
C GET DEN AND FUNCTIONS AT ANY TEMPERATURE. 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,NPDR ,NTSDR,DTHDR ,DDSDT 
COMMON/8/ IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
COMMON/11/ DELS, DELCY 
COMMON/99/ TI,E£ZZ, EZ,SZ,CVZ, HZ,CPZ 
DATA (Q=1.091325) ,(G=0.083145) 
= 7 (8) GAUL Wess Wee ce) are 
DB = FUNDENECT.P) StS es Ss DN 
77 + EZ + EDELF(L,M,T,DA,DB) $ H=E + 
Z + DELS - 100*G*ALOG(G*T*DB/Q) 
CVZaa DEUGV 9S PX = PVTaCh DR a) 
CV + 100*T/DPDD*(DPDT/DB)**2 
W = SORT(WK*CPXDPDD/CV) $ RETURN 
DEN=S=0 $ E= EZZ7 + EZ $ H=E + 100*G*T $  CV=CVZ $ CP=CPZ 
W = SQRT(WK*CP*G*T/CV) $ RETURN $ END 
SUBROUTINE GENIUS 
VALID ONLY FOR THE HOMOGENEOUS DOMAIN. 
SAVES COMPUTER TIME WHEN TABULATING FUNCTIONS ALONG ISOBARS. 
SAVES DEN,E,S,CV ALONG ISOBARS FOR USE IN INTEGRATING TO NEXT 
HIGHER ISOBAR. VALID ONLY FOR MONOTONICALLY INCREASING ISORBAR 
PRESSURES, AND AT TEMPS. T = INTEGER MULTIPLES OF 10 K. 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR ,DTHDR ,DDSDT 
COMMON/8/ IN,IK, P,T,DEN, &,H,S, CV,CP,CSAT, W,WK 
COMMON/11/ DELS, DELCV 
DIMENSION DK(70) ,EK(70) ,SK(70) ,CK(79) 
FORMAT(1HO 9X *GENIUS T NOT INTEGRAL. * / ) 
I= TAO Si Were LOW) S28 
CALL GENEOUS $ RETURN 
IF(IK.EQ.IN) 5,9 
CALL GENEOUS 
Dg) S DEN “SS EK(w) SE 8s "SG SSS Chay ss eu 
C INTEGRATE FROM OLD DEN UD TO NEW DEN ON GIVEN ISOTHERM. 


WwW 
4 
ool 


DEN 
—E = 


MOU ON DAS 
oul 


eh 


MANDAN 


HDOIPwrr 
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(sry (qe) 


C 


C 


9 DA = DK(J) “$" DKG) ="DEN =" DBT ="F INDENP (TSP) 6S IN) = 14 
1) EK@)) = = EK (0) SED EER GAN ep AeDB)) $ H = E + 100*P/DB 
13. SK(OY ="S"="SK(d)) 7 DEUS Sh CKG)r —P GN) — Cod) ee DEREV 


NOW GET NEW DP/DT, DP/DD, CP, W. 
15 PX = PVTF(T,DB,1) $ CP = CV + 100*T/DPDD*(DPDT/DB)**2 
30 W = SQRT(WK*CP*DPDD/CV) $ RETURN $ END 


FUNCTION HSATF(T) 

IBUTANE SATLIQ ENTHALPY, J/MOL. 
DEFINE YH # (H-HC)/(HT-HC), X # (TC-T)/(TC-TT), WHEN - 
YH =) Xoeb  (XB= (GAN ADAGE VASN2! ci, 7.) 

DIMENSION AH(8) 

DATA (NFH=8) ,( EH=0.48) ,( TTRP=113.55) ,(TCRT=407 .85) 

DATA (HTRP = 0.001),(HCRT = 43430.103) 

DATA (AH = 0.4190520028, 0.09556588803, 0.5120321990, 

1 0.3011496278, -4.310863286, 8.385053823, -6.709104812, 
2 1.975052516) 

FORMAT(1HO 9X 3HT =F10.5, * IN HSATF(T).*/) 

LECT 2Gies CRM 3nd 

PRINT Ll, 1. S$. SHOP 

X = TIGRI-1)/ GERI en Seals ON pai 6 

HSATF = HCRT $ RETURN 

V = X** EHX Sa TEX = XS) DOR K—t NE 

FX = FX + V*AH(K)*X**(K-1) 

HSATF = HCRT - (HCRT-HTRP)*FX $ RETURN $ END 


ONDOP WME 


SUBROUTINE IDEAL 

I-BUTANE, VIA DATA OF CHEN ET AL (1975). 
CPZ/R = 4-4. (Al + VA2Z/X AS) X2 oo EXPER et = Xen AlOge 
COMMON/99/; THSEZZ 5 (BZ ISZ. CVA. ThiZ CPZ 

DIMENSION A(7) 

DATA (E=6.40) ,(R=8.3145) ,(HI=7.26243166) , (SI=35 .59759) 
DATA(A = 43.59076, -40.54350, 739.72837, -3137.57293, 
1 7742 .58382, -7583.91994, 3251.25208) 


VNKe="7 $l = 00 oS XP ee EO/ Xe) 
2 ‘CP = 4-0 S$. DO.3K=1 SNK 
3, CP =" CP AK) =XP*XT* (1) 


NUMERICAL INTEGRATION FOR HZ/R, SZ/R_ - 
5H=S=0 $ N = ABS(TI- 300) /4 +4 $ DX = (XI-3)/N 
6 DO 10 J=1,N $ X = 3.0 + (J-0.5)*DX $ XP = EXP(-E/X) 
7 CPX" = 430" See DOE Sak INK 
8 CPX = CPX + A(K)*XP*X**(1-K) 
9 = Hea CR XAD KS Ss US ice DXeaD aX 
10 CONTINUE, $ eHt= (HIS 2s Hy xl Seer se Se tS 
CONVERT TO JOULES, MOLES, KELVINS. 
PT HZ = RATES OS ees hae Relies bse Sa ee RES 
12°CPZ = (RxCP S$) SONZ = CR 7 Ri See eRETURN: 2) END 


SUBROUTINE ISOTHRM 
PRINTOUT THE CRITICAL ISOTHERM. 


COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 


COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR ,DTHDR ,DDSDT 
COMMON/4/XB1,XB2, XC1,XC2, XE1,XE2, DXBDR,DXCDR,DXEDR 
COMMON/6/ TSAT, THETA, PSAT 
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DATA (WM = 58.1243) 

1 FORMAT(1H1 14X *THE CRITICAL ISOTHERM, IBUTANE* // 

eOXOHIGGK = 5 fees Aenea DE KG/MOy = F945 JOH, PC SMPA’ = F10.77 6X 
ASAE (GP. OP S/Dig=*FOL 6. SHY DP/DT =F963 4: MPA/K:*)// 

3 6X4HD/DC 9X5HTS/TC 9X5HPS/PC 1OX4HP/PC 9X5HDP/DR 4X6HDTS/DR 
4 4X6HDTH/DR 4X6HDPS/DR 4X6HDXB/DR 4X6HDXC/DR ) 
2 FORMAT(2X F8.3, 3F14.10, F1l4.9, 5F10.5) 
3 PC = PVTF(TCRT,DCRT,O0) $ PCS = PCRT/10 $ DCS = DCRT*WM 
DPST = DPSDT/10 $ DPT = DPDT/10 

PRUNIGee. CRM DES SPCSEVDPSTs2DPT RSs DOrS J=1,41 
DR = 0.895 + 0.005*J $ DN = DR*DCRT 

PR = PVTF(TCRT,DN,1)/PCRT $ DPSDR = DPSDT*DTSDR 

SNe — TSAT/TCRT ~$ ¥PSN)=.PSAT/PCRT 

DPDR = DPDR/10 $  DPSDR = DPSDR/10 

PRINT 2, DR, TSN,PSN, PR,DPDR, NTSDR,DTHDR,DPSDR, DXBDR,DXEDR 
RETURN $ END 


SND LS 


© OO 


SUBROUTINE JTLOCUS 

C THE JOULE-THOMSON P-V-T LOCUS FOR IBUTANE. 

C DERIVE THE J-T INVERSION CURVE. USE ROUTINE DELTAF(T,DI). 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TITRP,PTRP 
DIMENSION DK(60) ,DN(60) ,TT(60) ,PP(60) 

DATA (A=1.2275) ,(B=0.485) , ( WM=58 .1243) 
1 FORMAT(1H1 16X *THE JOULE-THOMSON INVERSION LOCUS FOR IBUTANE* // 
2 17¥ 3HT,K 8X2HDI 5X5HKG/M3 5X5HP,MPA 
3 7X 3HT,K 8X2HDI 5X5HKG/M3 5X5HP,MPA ) 
AeaORMAN LOX TIO 2E1O SNS ILO. 3.4) 2110) 2FIOS1, F103) 
C SAVE INITIAL, TRIAL DENSITY, DK(I) = DI. 
ne —o20 $= NP = 52 
6 PRINT 1 $ DO 25 I=1,NP $ DX = 0.4 
oie WA TOxT SX = T/TCRT $ DK(1) = DI = DCRT*EXP(A-B*xX) 
10 IF(T-TCRT) 11,12,12 
Peep = DENLIOF(T) $° TR(DI-LP.DL) 23712 
VASSS DETAR (T DI) $17 sO) 920) 1T=1,514 
14 D=DI-DX $ SL=DELTAF(T,D) $ D=DI+DX $ SP=DELTAF(T,D) 
Pee (SS=SE)r 18516 ,16 
HGP TEESP=Si) 19/17 517 
esse SDI = DI DX 4S, (G0)1T0.°20 
18 IF(SS-SP) 20,20,19 
ESSE eS) Dee De 4 DX 
Se oaes: Potala (1) =r MIDN(T)= DNS TPPGL) = PPV TR TS D1, 0) 

ZUSGONTOr 25 

23 TI(1) = T $ DK(I) = DN(I) = PP(I) = 0 

25 CONTINUE $ WN = NP/2 

ZONDO S5d=" NS KK = J FON 

Zea SD) ese atl = Tani('K:) 


28 DKJ = WM*DK(J) $ DNJ = WM*DN(J) 
29 DKK = WM*DK(K) $ DNK = WMA*DN(K) 
30 PPJ = PP(J)/10 $ PPK = PP(K)/10 
35 PRINT 2, IT, DKJ,DNJ, PPJ, ITT,DKK,DNK,PPK 


40 RETURN $ END 


SUBROUTINE PEEK 
C EXAMINE BEHAVIOR OF THE PVT COEFFICIENTS. 
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BUS) # BL + B2*S2,° E(S)o# Elz (S=1)/) (SER) ~EXP(—GASS#AIO) 2 
WHERE, R # DEN/DTRP, S # DEN/DCRT. 
COMMON GKSGKK, BISB2eB3.,. Ba Bon Cl C20Cse Bl Ee. ES) ERLIX 
COMMON/1/AL,BE ,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DIRP,TTRP,PTRP 
COMMON/3/DPDT .D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR .DTHDR,DDSDT 
COMMON/6/ TSAT, THETA, PSAT 
DATA (WM = 58.1243) ,(EX = 1.10) 
FORMAT(1H1 14X *EQUATION OF STATE COEFFS., IRUTANE * // 
15XGHTIRP =F 7.3) 28h) MBER BRO Aen Chine CRI e—ho Oru ce Koney, 
15X GHPTRP =E12.6, 8H, PBLP =F8.6; 8h, PCR =F9.6, *: MPAX 7/ 
15X GHDTRP =E11.5, 8h, DLBP =Ell5s5°8h, DCRT =Eld 5." *sKG/MSeaw) 
15X° GHOGAT=E11. 5) SHe DGBPH EIS KG Menon) 
15X *DPS/DTBSMPA/K =* Ell -5 5 *.) OVAPBEKU /MOLe—* F7 -3/)/ 
V5X 4HIX =12,6H, EX =F5.2, 6H: ER —Fo 2545S) fa DEN/ DERI ae, 
15X 4HAL =F10.7, 6H, BE =F10.7, 6H, GA =F10.7/ 
15Xo4H0E=Rl0 27> OHe EP -BlOR/ se Ghiaven SRO) 
15Xe 4HBT =Pl4s tl One) Beye ia Obie seo lae lly, 
15K 4HEl =Fl4 etl. GH 5) G2 =A ee onli) Coie lid onl lia) 
FORMAT(15X 4HD/DC SX4HTSAT 5X5HTHETA 4X6HPS,MPA 9X1HB 9X1HC ) 
FORMAT (9X FIOR25 )2R10E3 , FlOL4. 2ElO.5) 
TB=F INDTSF(1.01325) $ DGB=DENGASF(TB) $ DLB=DENLIQF(TB) 
QB = TB*DPSDT*(1/DGB - 1/DLB)/10.0 
PTR = PTRP/TO “$ “PBEP! = O2101325> SeePeRo—_ PERT Al0 
DTR = DTRP*WM $ DLBI = DLB*WM $ DCR = DCRT*WM 
DGA = DGAT*WM $ ODGBI = DGB*WM $ ODPSB = DPSDT/10 
PRINT 4, TTRP,TB,TCRT ,PTR,PBLP,PCR,DTR,DLBI ,OCR,DGA,DGBI ,DPSB,QB, 
PEIXGEXS ER. AL BE GASDE SEC Ely DilsB2 bona El seZabS 
PRINT 5, $ oN = LO*DTRP/DERT +1 
DON ZOTI= Ve Nee Se eS Oly 
DONE SeSADERT 4 SPSZ=SuSi Se SNS Si Se She = eSia tN 
SRY = ol ea eRCER G0) SR —"S-ER 
Bean BL yrB22S2Z 
= (El + E2*S)*SN*SR*EXP(-GA*SX) 
TSAT=TS=TSATF(DN) $ TH=THETAF(DN) $ PS=PSATF(TS) $ PIS=PS/10 
PRIN 6.) SS. WSs THE RTS eB ES SeREURNG SS END 
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FUNCTION PMELTF(T) 
IBUTANE MELT LINE. PRIVATE(S.E.RBABB,JR.), 10/2/78. 
THREE DATA ADJUSTED FOR TTRP = 113.55 BY R.D.G. 
J. CHEM. PHYS. 40(12), 3662 (1964). 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR ,DTHDR ,DDSDT 
DATA (A = 430.0) ,(E = 6.08) 
X= / TRE S XE = XA eS PNEL TIE =s PRP +s ASOME=) 
DPMDT = A*E*XE/X/TTRP $ RETURN $ END 


FUNCTION PSATF(T) 
IBUTANE VAPOR PRESSURE, BAR, RDG, FEB. 19, 1981. (DCRT=3.86). 
LN(P) = P1/X + P2 + P3*X + P4*X2 + P5*X3 + P6*(1-X)**EPP. 
COMMON/3/DPDT ,D2PDT2,DPSDT,DPMDT ,DPDD ,DPDR,DTSDR ,DTHDR ,DDSDT 
DIMENSION PJ(6) 
DATA (EPP = 1.30) 
DATA (TTRP=113.55) ,(TCRT=407 .85) ,(DCRT=3.86) ,(DTRP=12.755) 
DATA(PJ = -9.16171029, 20.15477713, -14.98682080, 
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13 
20 
21 
22 
23 
24 
25 
99 


1 9.82354747, -2.23522474, 1.16214052) 


FORMAT(1HO 9X *T ABOVE TCRT IN PSATF(T). * / ) 
eeu eRe oF EN) = IO =" Xee Sh 9 DF CV7-78),9 
BRUNI pe S= $y (STOP 

WSO) > SP GOMTONLO 

ee Nee PR Ss Sh SSE ERP S27 V 

Pi ePUe)xZ § $0 PLS PIG) *Z1 

Domes? K-15 50) Sel = Ke2> $* XL So X*AL 

Bplay PUK) aX S$. PLL. = PEI +8 PUCK) ALAXL/X 
CONTINUE $ PSATF = EXP(PL) 

DPSDI = PLI*PSATF/TCRT $ RETURN $ END 


SUBROUTINE PVTDATA 
IBUTANE EOS CONSTANTS, RDG/NBS, FEB. 19, 1981. (DCRT=3.86). 
SCMMONS GKAGKK ble BZEBS.B4. Bo, Cl C2,C3, ElE2,63, ER.) IX 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTKP,TTRP,PTRP 
COMMON/8/ IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
COMMON/12/ZCRT,ZCALC,DZDT, ZSAT,DZSDT, ZFX, FRT,DFRTDT 
EOMMON/99/— THR EZZ.EZ{SZ,CVZ> HZ, CPZ 

Nite 5Se1 243) Soe TTRPY = 113i:55  $ ~TCRI = 407 .85 

HERS. 8608) $) _DTRP? = 12.7550 

PTRP = PSATF(TTRP) $ PCRT = PSATF(TCRT) 
GKK = 0.083145 $ GK = GKK*DCRT $ ZCRT 


= PCRT/DCRT/GKK/TCRT 
eee Se Abr tO) S$) 9BE =20F7>7$ "GA = 0.13 DE = 0 
BEE SOP eSER =. 20) $i El= 1 
Bl = 0.46666891283 $ B82 = 0.16583380415 
El = -0.26412858369 $ B3=B=E2=E3=0 


DGAT = DENGASF(TTRP) $ WK = 100000/WM $ EZZ = 23747.7595 
RETURN $ END 


FUNCTION PVTF(T,D,M) 

FBUTANES EQNSTATES PVE = PS BARS YSIMPEIRFIEDS FEB. 12, 1981. 
NOTE, M=O RETURNS DP/DT, D2P/DT2. M=1 RETURNS ALSO DP/DD. 
P=PSAl = S*GK~(T=mSAI © + S*S*GKATCRIZAR(SIT)'} WHERE - 
(San Je BCS) <XBEUS ih) EUS) *XEE (SST), “AND! = 

BUSied) Bla B2*S2k VV E(S)0y El (S=1)A(S=ER)*EXP( =GA*S** 1X)’. 
WHERE, R # DEN/DTRP, S # DEN/DCRT. 

COMMONP GC GKK RBIS BZe bon D4sbomy Cl C2503. El EZ E3, ER, 1X 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR ,DDSDT 
COMMON/4/XB1,XB2, XC1,XC2, XE1,XE2, DXBDR,DXCDR,DXEDR 
COMMON/6/ TSAT, THETA, PSAT 

COMMON/12/ZCRT,ZCALC ,DZDT, ZSAT,DZSDT,ZFX, FRT,DFRTOT 

Se) (DERE SieSZ2—S2Sh $e WSN=S=1" § YSR=S=ER: =$- SX=S**1X 

GK = DCRT*GKK $ TC = TCRT $ ODSDR = DTRP/DCRT 

RG = SEK Oe EX Sacieeie 

TSAT=TS=TSATF(D) $ PSAT=PS=PSATF(TS) $ THETA=THETAF(D) 
KBE OXBE (ED) eS: ) XE =e XER (MD) 

Beep RASZe Tu BAaSZe SZ 

XP = EXP(-GA*SX) $ SM = S2*SN*SR $ E = E1*SM*XP 

FB ah Dabo NE apie eB AXBIE tO EAXibIn $i) RZ. =) BAXB2. + E*XE2 
PV PSeceeRGa(i=iS)etiGkKi<h S$ RRI=F/S2) $ “DERIDI=Fl/S2/1€ 
DED eRGEEGkKA~E | SeeD2P D2 = GkK*E2/TCe 9S) SIF(M) 15230 
BD = (2*B1 + 4*B2*S2)*S*DSDR 
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16 XP1 = -I1X*GA*SK/S)$ SMe Sa SNESRIAS2Z ack 2S SSSNRISR 
18 ED = E1*(SM*XP1 + SM1)*XP*DSDR 

20! Fle=) B*DXBDR +) BDAXBin ty BD XED Res EDAX E 

26 DPDR = (DPSDT-RG)*DTSDR + (T-TS)*GK*DSDR + GKT*F1 
27 DPDD = DPDR/DTRP 

30 RETURN $ END 


FUNCTION QVAPXF(T) 

QVAP: = Al*X +) (XE-X)AWA2W cE ASAKY EAGAN 2M tach tu )e. 

XK # (TC=T)/ (MCT) XEON AE: 
DIMENSION AQ(4) 
DATA (NFQ=4) ,(EQ=0.43) ,(TTRP=113.55) ,(TCRT=407.85) 
DATA (AQ = 28.117144, 32.239895, -3.0186000, -3.3534669) 
FORMAT(1HO 9X *T EXCEEDS TCRT IN QVAPXF(T). * / ) 
DEC TERT =). 345 
PRIN: sS0 a. SIOP. 
QVAPXF = O $ RETURN 
XN = TCRT - TTRP $ X = (TERT-T)/XN $ XE = X**EQ 
F =40) $7 DOA7 sK-2.NEO 
F = F + AQ(K)*X**(K-2) 

AQ(1)*X + (XE-X)*F 

QVAPXE = Q41000 (97S | REMURNI Si END 


OOnNnNDOIPwWNMrF 
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SUBROUTINE SIMPLE 
FOR ANY GIVEN T,K AND P,MPA, CONVERT TO P,BAR, AND USE SUBROUTINE 
THERMO (OR ENTRIES THEREIN) TO GET THERMOPHYSICAL PROPERTIES. 
THEN CONVERT TO MPA, AND KG/M3 IN PRESENT ROUTINE. 
COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT, DPDD,DPDR,DTSDR,DTHDR ,DDSDT 
COMMON/8/ IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
COMMON/99/ TI,EZZ, EZ,SZ,CVZ, HZ,CPZ 
DATA (R=0.083145) ,(GJ=8.3145) ,(PA=1.01325) ,(WM=58.1243) 
14 FORMAT(1H1 18X *TEST OF THERMO AT P,MPA =* F8.5/ 
1 19X *DENSITIES KG/M3, HEATS J/MOL. * / ) 
16 FORMAT(6X4HPMPA 9X1HT 6X3HDEN 8X1HZ 5X5HDP/DT 5X5HDP/DD 
1 8X1HE 8X1HH 8X1HS 6X2HCV 6X2HCP 5X1HW 9X3HF/P 5X4HDIEL ) 
17 FORMAT(1X F9.4, F10.3, F9.2, F9.5, F10.5, F10.6, 2F9.1, F9.3, 
1) 2ES 2204 6. eles). aeRO) 25) 
LET US EXAMINE A SUBCRITICAL ISOBAR. 
19 PMPA = 3.5 
20 P = 10*PMPA $ PRINT 14, PMPA $ PRINT 16 
21 D090) J=1. 39° SeKG = = OR ee Ozg 
22 CALE. THERMO: “Sein Wie— Wile Gaia DEN ARYA 
GET DIEL.CONST., AND FUGACITIES. 
25 GIB = H=EZZ=HZ)=TaS-SZ) 
26 IF(T.GT.450) 27,28 
2). DIE =O Si" GOpmons0 
28 DIE = DIELF(DEN,T,P) 
CONVERT PRESSURES, DENSITIES, AND DERIVATIVES. 
30 PMPA=P/10 $ DEN=DEN*WM $ DPDT=DPDT/10 $ DPDD=DPDD/10/WM 
31 DPMDT = DPMDT/10 $ DPSDT = DPSDT/10 $ DDSDT = DDSDT*WM 
40 PRINT 17, PMPA,T,DEN,Z, DPDT,DPDD, E,H,S, CV,CP,IW, FOP,DIE 
FUNCTION SSATF(T) 
IBUTANE SATLIQ ENTROPY, J/MOL/K. 
CONSTRAINED AT TRIPLE AND CRITICAL POINTS. 


$ FOP = EXP(GIB/GJ/T)*PA/P 


44 


Wee S= SER IACSIIRP=SURT)o8) X (Gy (IC-11) 
We ee (ONES CATE SACRX Ut AGANZ OAT PS or 
DIMENSION AS(7) 

DATA (NFS=7) ,(ES=0.39) ,(TTRP=113.55) ,(TCRT=407 .35) 
DATA (STRP = 108.80035),(SCRT = 278.16100) 

DATA (AS = 0.1513538214, -0.7213490782, 0.5916513456, 
1 -0.8071403525, -0.6495769380, 1.563590395, -0.9190175694) 
FORMAT(1HO 9X 3HT =F10.5, * IN SSATF(T). * / ) 
IF(TCRT-T) 3,4,5 

PRINT WV, T° 1) $° °° STOP 

SSATE = SCRT © $ ° RETURN 

WNe=) SPRP=SCRT  $ XN = TCRI-TIRP 

Pa sGieRIE TN Saxe = AXES $° Via XBR X 

fee eS DONS) K=12 NES 

Y = Y + V*AS(K)*X**(K-1) 

SSATF = SCRT + YN*Y $ RETURN $ END 


(Sere) 
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SUBROUTINE TABLIQ 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR ,DDSDT 
COMMON/6/ TSAT, THETA, PSAT 
COMMON/8/ IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
COMMON/9/DNG,EG,HG,SG, CVG,CPG,WG, DPGDT ,DPGDD 
COMMON/12/ZCRT,ZCALC,DZDT, ZSAT,DZSDT,ZFX, FRT,DFRTDT 
COMMON] 99/ TI EZZ, EZ. SZ \CVZ> HZ, CPZ 
DIMENSION DSA(60) ,TSA(60) ,PSA(60) ,DLT(60) ,DPT(60) ,DPD(60) 
DATA (G=0.083145) ,(WM=58.1243) 
4 FORMAT(1H1 13X *PROPERTIES OF SATURATED LIQUID IBUTANE* // 
1 14X HT 11X1HP 3X5HDEN,L 7X5HDEN,G 5X3HZ,L 5X3HZ,G 
2 5X6HDPS/DT 3X6HDDL/DT 3X5HDP/DT 6X5HDP/DD / 
3 14X 1HK 9X3HMPA 3X5HKG/M3 7X5HKG/M3 16X 
4 6X5HMPA/K 2X7HKG/M3/K 3X5HMPA/K 2X9HMPA-M3/KG ) 
SEBORMAM(OXEAO See El25 FOa2, E1225, 2F8.5, E11.4,F9.4,F8.4,F11 .4) 
11 FORMAT(1H1 13X *PROPERTIES OF SATURATED LIQUID IBUTANE * // 
1 14X 1HT 4X5HQ,VAP 8X1HE 8X1HH 8X1HS 
2 6X2HCV 6X2HCS 6X2HCP 6X3HF/P OX1LHW 4X5HDIEL. / 
3 14X 1HK 4X5HJ/MOL 4X5HJ/MOL 4X5HJ/MOL 2X7HJ/MOL/K 
4 1X7HJ/MOL/K 1X7HJ/MOL/K 1X7HJ/MOL/K 11X 5HM/SEC 4X5HCONST ) 
PZaGORMAUCOXG E1063) SEO AMR. 30 SPS 42, £925,117, F9.5) 
C FOR PAGE ONE OF TABLIQ. 
C REREACE T= 230 BYNB.Ps Al J) =730- 
ZO INP = 152 9 (1S: (PRINT 4 
P20 150 I= VENP i$.) IF (d EQ. 1) 122,123 
RA eiees >) GON TO) 139 
17S RO EOR23)) 2A kes 
2A he RUNDNSE (01325) = $ "GO: 10139 
125 IF(J.EQ.NP) 126,128 
126 T = TCRT $ DSA(J)=DG=DL=DCRT $ ODLT(J) = DDLDT = 0 
ZV Gavi al O/ DER S = 2G ZERT «S$ GOFT0 4d 
128 T= 100) B00 
ZO MIE(osGie lO) el = 91502 5%) 
139 DSA(J) = DL = DENLIQF(T) $ DLT(J) = DDLDT = DDSDT 
140 DG = DENGASF(T) $ ZG = ZSAT $ VG=1/DG $ VL = 1/DL 
141 TSA(J) =T $ PX = PVTF(T,DL,1) $ DPT(J)=DPDT $ DPD(J)=DPDD 
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147 PSA( J) = PS = PSAT. $372 —22S/0e/Gyal 
148 PS=PS/10 $ DPSDT=DPSDT/10 $ DPDT=DPDT/10 $ DPDD=DPDD/10 
149 DL=DL*WM $ DG=DG*WM $ DDLDT=DDLDT*WM $ ODPDD = DPDD/WM 
150 PRINT 5, T,PS, DL,DG, Z,ZG, DPSDT,DDLDT, DPDT ,DPDD 

PAGE 2, TABLIQ. AVOID COEXIST, TIMESAVER. 

USE COEXIST AT ALL TEMPERATURES. 
160 PRINT 11 $ DO 180 J=1,NP $ T= TSA(J) $ P = PSA(J) 
161. CALE COEXIST -$. Diy = DENP SS Wee 
162 DIEL = DIELF(DL,T,P) $ QX-= QVAPXF(T) 

GET FUGACITY GOER<.. CF/Pia VIA HZ SZ HGe SG. 

NOTE, DI = 0.00001 MOL/L IN EDELF. 
170 GIBS = HG-EZZ-HZ - T*(SG-SZ) 
171 GJ = 100*G $ XP =EXP(GIBS/GJ/T) $ FOP = XP*1.01325/P 
172 IF(DNG.LE.0.00001) FOP = 1.0 
180 PRINT 1250-1 0X(225HS; CV SCSAIC Ce ROR. UNe spel 
999 RETURN $ END 


SUBROUTINE THERMO 

FOR COMPUTATION AT ANY (T,P) POINT. 
ASSUMES AN ISOTHERM IN SINGLE-PHASE ONLY. 
CASES FOR ISOTHERMS BELOW, EQ., ABOVE TCRT. 
GIVEN (T,P), RETURNS DEN, E,H,S, CV,CP,W, DPDT, DPDD. 
ENTRIES BELOW FOR PHASE BOUNDARIES ASSUME A GIVEN ISOBAR P, OR - 
ENTRIES BELOW FOR PHASE BOUNDARIES ASSUME A GIVEN ISOTHERM, T. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT,D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR,DDSDT 
COMMON/8/ IN,IK, P,1,DEN; EsH;S, CV, CRSCSAI.. WoWK 

COMMON/9/ DNG,EG,HG,SG, CVG,CPG,WG, DPGDT ,DPGDD 

COMMON/997- THIS EZZS BZ SZ. CV. he. CPz 


1 FORMAT(1HO 9X *THERMO, P.GE.PMELT. * / ) 
2 FORMAT(1HO 9X *THERMO DOUBLE-VALUED AT P = PSAT. * / ) 
3 FORMAT(1HO 9X *THERMO, DEN GE. DCRT AT T = TCRT. * / ) 


10 IF(1T-TCRT) 11,20,25 
SUBCRITICAL ISOTHERMS. 
11 PM =" PMELTE(T) <$. @IE(P2GE°PM)) izes 
12 PRINT 1 -$ CALL COMPRLOQ: $ TI=i 3 CALE DEAL 235] Reve 
13) PS.= > PSATEGL)* $dir (R=PS) ala 156 
14 CALL GENEOUS $ _ RETURN 
15 PRINT 2 $ RETURN 
16 CALL COMPRLQ $ TI =T $ CALL IDEAL $ RETURN 
THE CRITICAL ISOTHERM. 
20 CALL GENEOUS $  IF(DEN.LT.DCRT) RETURN 
21 CP = (V =W=0 $ PRINT 3 $ RETURN 
ISOTHERMS AT T ABOVE TCRT. 
25 CALL GENEQUS $ RETURN 
THERMOM FOR GIVEN ISOBAR AT THE MELTING LINE, GET T. 
RETURNS T,DEN, E,H,S, CV,CP,W, DPMDT,DPDT,DPDD. 
ENTRY THERMOM 
40 T = FINDTMF(P) $ PM = PMELTF(T) $ CALL COMPRLQ 
41 T).="T $2 CALE IDEALS. SRETURN 
THERMOL FOR GIVEN ISOBAR AT SATURATED LIQUID LINE, GET T. 
RETURNS T,DEN, E,H,S, CV,CP,CSAT,W, DPSDT,DDSDT, DPDT,DPDD. 
ENTRY THERMOL 
43 T = FINDTSF(P) $ CALL COEXIST $ RETURN 
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THERMOV FOR GIVEN ISOBAR AT THE SATURATED VAPOR LINE, GET T. 
RETURNS DENG Eh SymeN Ce Wee DPS, DOSDILS DRDl.DPDD: 
ENTRY THERMOV 


45 T = FINDTSF(P) $ CALL COEXIST $ DEN=DNG $ E=EG $ H=HG $ S=SG 


47 CV=CVG $ CP=CPG $ W=WG $ DPDT=DPGDT $ DPDD=DPGDD $ RETURN 
THRMM FOR ISOTHERM AT THE MELTING LINE, GET P. 
REURNSSe DEN Es hese CV. CRaW js DPMDI.. DPDEs. DDD. 
ENTRY THRMM 
50 P = PMELTF(T) $ CALL COMPRLQ $ TI=T $ CALL IDEAL $ RETURN 
RM ERRORS TSORIERMP Ale SAT ETOQS ENE... GET .P. 
RERURNS@PADENG Esiis CW .CP.CSOATW. DP SD, DDSDT., DPDT,DPDD. 
ENTRY THRML 
Sopa PSANE( TN) $ CALL COEXIST $ RETURN 
THRMY FOR ISOTHERM AT SAT. VAPOR LINE, GET P. 
REURNSOPeDEN. Eshiys, sCVsCPSW>  DPSDEODSDT, DPD], DPDD 
ENTRY THRMY 
GONPe—ePSATE(T) $. (CALL COEXIST 
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DEN=DNG $ E=EG $ H=HG $ S=SG $ CV=CVG 
CP=CPG $ W=WG $ DPDT=DPGDT $ DPDD=DPGDD 


(Se) Ga G® 


am 


99 RETURN $ END 


FUNCTION THETAF (DEN) 
THETA = TSAT*EXP(U(S)). 

BEOh= (S-1)/(Si-1) > WHERE ST = DIRP/DCRT,,. THEN - 

eS UW = AL XOXAS , Wa Seguls a Ua= p-ALZO**3 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR ,DTHDR ,DDSDT 
COMMON/6/ TSAT, THETA, PSAT 

S = DEN/DCRT $ DSDR = DTRP/DCRT $ C = DSDR-1 

Cees) Ca S02 = 0*0) $ UT = AL*O*02 

UES=VAE<3*Q2*DSDR/C $ IF(Q) 5,9,4 

US UW Su 

XP = EXP(U) $ THETAF = TSAT*XP 

DTHDR = (TSAT*U1 + DTSDR)*XP $ RETURN 

THEVAR = TCR $  DITHDR = 0 $ RETURN $ END 
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FUNCTION TSATF (DEN) 
ITERATE T TO MINIMIZE (DEN-DCALC) VIA DENGASF(T), DENLIQF(T). 
IF ITERATION FAILS, PRINTOUT ONCE ONLY AND STOP AT K = 2. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TIRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR ,DTHDR , DDSDT 
DATA (Q=2.0) ,(FN=6.3890561 ) 
NOME ENP ENE O) = 10): 

1 FORMAT(1H1 14X *TSATF(DEN) FAILS AT DEN =* E15.7// 
1 15X 5HDCALC 13X2HDD 1OX5HDDSDT 13X2HDT 12X3HT,K ) 

2 FORMAT(5X 5E15.7) 

SKe0 SO = Dal 

4 S = D/DCRT $ YN = TCRT/TTRP-1 $ IF(D-DCRT) 5,30,6 

5 ST=DGAT/DCRT $ F=ALOG(S)/ALOG(ST)*((1-S)/(1-ST))**2 $ GO TO 7 

6 ST=DTRP/DCRT $ U=((S-1)/(ST-1))**3 $ F=(EXP(Q*U)-1)/FN 

7 1 = RGR (ites) 

8 DO 20 J=1,50 $ IF(D-DCRT) 9,30,10 

9 DC 

0 DC 


DENGASF(T) $ GO TO 11 
DENLIQF(T) 


1 
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Gr Gro Gro 


(se) (Splice) (se) (2) 


ll 
12 
13 
14 
15 
16 
18 
20 
21 
25 
30 


OOM ONDOTIPWNMrE 


— 


a 
rFPOoOWWNADOPWNMrF 


RR 
Wr 


DD = D ="DC “Si TE(ABS(DD/D) CEN 1 0E=7)) 25 2 


DT = DD/DDSDT $ IF(ABS(DT/T).LT.1.9E-7) 25,13 
ha 1+ DiS TRU) V4 sas 

i = Tikes SGU oss 

TF (Tet TERT) 13516 

T, = TERT = 0205 


TF(K*EQ.1). PRINT 2, DCS DDS DDSDI, Dis ft 
CONTINUE. $.-K = Kel S$) Sie KeNB a) ee SiOP 
PRINT 1, DEN $ GO TO 4 

TSATF = T $ DTSDR = DTRP/DDSDT $ RETURN 
TSATF = TCRI *S. (DISDR =90 7S “RETURNE SS] END 


FUNCTION XBF(T,D) 
XBF(R,T) # (X**BE)*EXP(A*(1-TS/T)) - XS**BE, WHERE - 
X # WAC, XS. # S/1E; “A GeBE) se SORTGlor er 

XBF = UXEXP(A*V).- US, U # X**B, US #.XS*Bo NG (l-0S/iee 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT ,DPDD ,OPDR,DTSDR,DTHDR,DDSDT 
COMMON/4/XB1,XB2, XC1,XC2, XE1,XE2, DXBDR,DXCDR,DXEDR 

COMMON/5/ TSAT, THETA, PSAT 

B= BE $ BN=1-B $ A = BN + SQRT(BN) 

TC=TCRT $ TS=TSAT $ X=T/TC $ XS=TS/TC $ XS1=DTSDR/TC 

U = X**B $ Ul = BYU/X $ U2 = -BN*U1/X 

USe==XS*4B -$ USTS=sBAUS<XSI/XS 

V = 1-TS/T. $ VIR = -DISDR/T ~ $° VIX = TS/T/X S$ V2Xs= Ae ige 
P = EXP(A*V) $ Pl = A*P $ P2 = AXPL 

= PI*VIR $ ‘PIX = PIAVIX “$ P2K = PIzV2X% PZ AVA Vin 

XBEr= UAB = US 20S) (XB UZ Pa Kee a Utes P 
XB2 = U*P2X + 2*U1*PIX + U2*P <$.. DXBDR = UAPIR — USI 
RETURN $ END 


FUNCTION XEF(T,D) 

ULTRA REVISION, MARCH 29, 1981. 
XEFY = H(Rs T)/HS(R = 1208 

H(R,T) # 1 - (W-WE/E)/1- W/E), é = 
X4T/TC, FATS/T, WH(1-TH/T), WE#W**E 
A= DES Baa Ie Ne Ge Ee eo ae 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR,DDSDT 
COMMON /4/XB1,XB2, XC1,XC2, XE1,XE2, DXBDR,DXCDR,DXEDR 

COMMON /6 / ee THETA, PSAT 
eb 3s = F/(E-1) $ TG = 
ig TSAT . Tle THETA $ X= 

= 1.0 - TH/T $ IF(W) 30,30,4 

Paine 

WIR’ = -<DTHDR/T $ -WIX =TH/T/X™ $ (W2% = =2-Wilx 

WE = W**E $ WEIL = E*WE/W $ WEIR = WE1*WIR 

WE1X = WE1*W1X $ WE2X = WEL*W2X + (E-1)*WEL*WIX*W1X/W 
H = 1 - EK*(W-WE/E) $ H1R = -EK*(W1R-WE1R/E) 

H1X = -EK*(W1X-WE1X/E) $ H2X = -EK*(W2X-WE2X/E) 
WS= "1.50 = HTS, eS" (WS) ele aie. 

HS 1 SHS) 0" Se aGOmnOnl6 
WS1 = (TH*DTSDR/TS - DTHDR)/TS 
WSE = WS**E $ WSE1 = E*WSE*WS1/WS 


TCRT 
T/TC 
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woo = 


1 - EK*(WS-WSE/E) $ HS1 = -EK*(WS1-WSE1/E) 
-O/HS $ UIR = -U*HS1/HS 

<UR eS) OXEDR] = AUER + HERAL 

TU ae Ee SehOXa ape XE Pel $< RENURN 
KE exe XEDR 7005S 1 RETURN, 9S) END 
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auejynqos| 


(SWJO9YJOS! INO}) 
UBWXe MA 


edWN ‘d 


2 


WWWHMYNND = — = — HH HSH HK SH OS 


Diff. 
3 


-.44 
-052 
-.035 
015 
024 
27 
e27 
24 
019 
015 
009 
204 
-.01 
-.05 
-.09 
-.12 
-.15 
= U7/ 
-.19 
-.20 
-.20 
-.20 
-.18 
-. 16 
ell) 
-.09 
-.04 
003 
210 
- 18 
e2/] 
- 09 
-.01 
- 206 
-.06 
-ell 
-.09 
205 
002 
- 206 
206 
° 10 
207 
207 
204 
-.03 
-.07 


4.61 
340 
2.19 
2219 
1.55 
288 
2069 
258 
057 
052 
-1.24 
-./6 
200 
-.05 
-.19 
219 
219 


dPg/dT 
MPa/K 


°5 10E-08 
e /22E-08 
e222E-07 
°616E-07 
e 156E-06 
2 565E-06 
e/97E-06 
e 163E-05 
05 15E-05 
°D79E-05 
2 102E-04 
2 171E-04 
22/8E-04 
0435-04 
2661E-04 
e977E-04 
2 141E-03 
2 198E-03 
e2/2E~03 
° 566E-03 
°485E-03 
2©631E-03 
e809E-03 
e IO2ZE-02 
- 127E-02 
e 157E-02 
2 191E-02 
°230E-02 
°274E-02 
2 5324E-02 
° 380E-02 
e 1O2E-01 
e114E-01 
- |26E-01 
2 159E-01 
2 155E-01 
-168E-01 
- 184E-01 
e200E-01 
e200E-01 
°256E-01 
JZ 6E-O 
e520E-01 
°5/0E-01 
0425E-01 
°489E-0 1 
°525E-01 


2 122E-03 
029 7E-03 
689E-03 
268 9E-035 
e 122E-02 
e255E-02 
e 285E-02 
25 18E-02 
° 5/9E-02 
°599E-02 
o114E-01 
-168E-01 
°256E-01 
25/70E-01 
e525E-01 
°240E-01 
°510E-01 


Table 1. Comparisons of vapor pressure data with eq (2). 
Data sources and ID numbers: (1)Aston, (2)Beattie, (3)Connolly, (4)Dana, (5)Morris, (6)Sage, 
(7)Wackher, (8)Gilliland, (9)Gilmour, (10)Waxman, (80)Thermal Loops. 
We ight Temp. T/Tc Pg(expt) Pg( calc) 
K MPa MPa 
978 115-550 227841 - 19395E-07 -19481E-07 
2080 115.000 ° 28197 e28238E-07 2 28530E-07 
2087 120.000 229423 ©95543E-07 ©95570E-07 
094 125.000 230649 -29046E-06 °29002E-06 
102 130.000 51874 ©80357E-06 °80164E-06 
110 135.000 235100 °20453E-05 e20398E-05 
118 140.000 034326 048345E-05 2482 17E-05 
126 145.000 039552 e 10697E-04 e 10671E-04 
ol) 150.000 256778 e22308E-04 °2226 5E-04 
- 144 155.000 238004 244114E-04 e44050E-04 
2154 160-000 259230 283147E-04 e830 70E-04 
- 164 165-000 240456 e 15007E-03 » 1DOOOE-03 
STE! 170.000 041682 e26039E-03 2604 1E-03 
- 184 175-000 242908 ©43592E-03 043614E-03 
2195 180.000 044134 e/0635E-035 e /0698E-03 
2206 185.000 245360 e11109E-02 e11123E-02 
e217 190.000 046586 e | 7000E-02 e 17026E-02 
229 195.000 047812 °25371E-02 0254 15E-02 
2240 200.000 249038 e5/7001E-02 © 3/071E-02 
0253} 205.000 250264 °52829E-02 2 52933E-02 
2265 210.000 231490 /3965E-02 e/4113E-02 
278 215.000 052715 © 10170E-01 - 10190E-01 
2291 220.000 053941 e13752E-01 e13777E-01 
2504 225.2000 SDI Gy/ - 18309E-01 - 18339E-01 
2518 230-000 296593 e24030E-01 -24061E-01 
2552 235-2000 25/619 e31120E-01 e31147E-01 
2546 240.000 258845 °59805E-01 e59820E-01 
2561 245.000 60071 -50333E-01 © 50320E-01 
25/6 250-000 e61297 °62964E-01 e62903E-01 
2591 255-000 2062523 -/7983E-01 e/7842E-01 
1.000 260.000 063749 -95684E-01 ©95423E-01 
1.000 298.150 2/3105 e 35000E+00 2 35032E+00 
1.000 303.150 2/4329 ©40430E+00 ©40435E+00 
1.000 308.150 2/5555 ©46410E+00 464 36E+00 
1.000 Silo 150) -/6781 5 3040E+00 © 55074E+00 
1.000 318.150 2/8007 ©60320E+00 e60388E+00 
1.000 35235.~ 150 0/9233 -68560E+00 268421E+00 
1.000 328.150 80459 e77250E+00 e77215E+00 
1.000 333.2150 81684 -86830E+00 e86813E+00 
1.000 333.150 81684 e86760E+00 868 15E+00 
1.000 343.150 284 136 e10867E+01 e 1O860E+01 
1.000 BDC 50) 86588 e 13452E+01 © 13418E+01 
1.000 5635..150 089040 - 16408E+0 1 - 16396E+01 
1.000 371 3%6150 091492 e 19855E+01 2 19842E+01 
1.000 383.150 093944 023819E+01 258 10E+01 
1.000 393.150 96396 -28361E+01 °28370E+01 
1.000 398.150 09/622 e308 79E+0 1 2 30902E+0 1 
0.000 188.070 246113 e 15159E-02 2 14490E-02 
0.000 201.456 049395 °42610E-02 e41210E-02 
0.000 2162/29 253139 © 11579E-01 e11331E-01 
0.000 216.729 053139 e11579E-01 e11531E-01 
0.000 229.053 °56161 © 23235E-01 e22879E-01 
0.000 245.584 260214 e52132E-01 ©51677E-01 
0.000 251-089 °61564 e66405E-01 ©65947E-01 
0.000 254.399 262376 e /6350E-01 2/5912E-01 
0.000 259.922 063/730 °95476E-01 ©95127E-01 
0.000 261.2551 264129 e 10178E+00 e10146E+00 
0.000 303.150 2/4329 ° 39932E+00 °40435E+00 
0.000 5256150 2/9235 e67898E+00 e68421E+00 
0.000 348.150 285562 e 12090E+01 e 12089E+01 
0.000 3732150 091492 e 19832E+01 19842E+01 
0.000 398.150 ©97622 2 30843E+01 e30902E+01 
0.000 344.260 284408 e11146E+01 e11125E+01 
0.000 360.930 288496 © 15726E+01 e 15696E+01 
0.000 377.590 092581 e21572E+01 e21535E+01 
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Table 1. (Continued). 


Data sources and ID numbers: (1)Aston, (2)Beattie, (3)Connolly, (4)Dana, (5)Morris, (6)Sage, 


(7)Wackher, (8)Gilliland, (9)Gilmour, (10)Waxman, (80)Thermal Loops. 
ID Weight Temp. T/Te Pl expt) Pg( calc) Dilititis dPg/dT 
K MPa MPa % MPa/K 

5) 0.000 394.260 96668 e28938E+01 °28917E+01 50) 7/ e496E-01 
5) 0.000 406.870 99760 ° 55/88E+01 °35/98E+01 -.03 e605E-01 
3 0.000 407.//0 99980 2 36325E+01 °56350E+01 -.07 e624E-01 
4 0.000 249.140 261086 °e62090E-01 -60579E-01 2-49 e 266E-02 
4 0.000 255-2090 062545 e/9740E-01 -/8134E-01 2-06 2 3Z25E-02 
4 0.000 259.310 2©63580 °94580E-01 ©92829E-01 1.89 2 572E-02 
4 0.000 261.000 363994 e10121E+00 ©99282E-01 1.94 2 592E-02 
4 0.000 263-240 2064543 2 11430E+00 e 10837E+00 547 0419E-02 
4 90.000 270-910 266424 e 14736E+00 © 14443E+00 2203 °323E-02 
4 0.000 279.810 58606 e 19993E+00 e 19709E+00 1.44 -664E-02 
4 0.000 287.780 2/0560 »25905E+00 025562E+00 1.34 e808E-02 
4 0.000 295230 °/2387 2 32531E+00 252137E+00 WoZs3 e960E-02 
4 0.000 299.480 2/5429 256877E+00 e56413E+00 G27 e105E-01 
4 0.000 304.130 7/4569 042143E+00 ©41563E+00 1.39 -116E-01 
4 0.000 309.030 ol ST e48268E+00 ©47557E+00 1.49 -|29E-01 
4 0-000 313-070 -/6/761 °53782E+00 °52962E+00 ods) 2 139E-01 
4 0.000 EM 210) °//904 e60502E+00 2 59747E+00 1.26 e152E-01 
4 0.000 Sileor5.0 -/7904 ©60462E+00 © 59747E+00 1-20 2 152E-01 
4 0.000 328.660 080584 e/9167E£+00 -/8156E+00 1.29 - 185E-01 
4 0.000 556520 SOLZANT. °©91526E+00 ©91240E+00 25 -208E-01 
4 0.000 345.070 84607 - 1 1364E+01 SS Z1EFON 258 ~244E-01 
4 0.000 352.640 86463 e 13395E+01 e 13278E+01 288 -2/4E-01 
4 0.000 352.640 286463 e15310E+01 e13278E+01 224 e274E-01 
5 0.000 344.261 84409 211128E+01 2 111 25E+00 5 (0)55 e240E-01 
5 0.000 377.594 092582 ©2156 7E+01 Zils ELON 014 2593E-01 
6 0.000 290.372 71196 e27579E+00 SCI AZEOO -.52 °859E-02 
6 0.000 294.261 0/2149 5 1006E+00 e31217E+00 -.68 09 59E-02 
6 0.000 310.928 °/6236 e49580E+00 °50043E+00 - 93 -135E-01 
6 0.000 327.594 080322 e75/04E+00 e/6198E+00 -.65 -182E-01 
6 0.000 344.261 284409 -11107E+01 el1125E+01 -.16 2. JE-01 
6 0.000 360.928 288495 e15810E+01 e 15696E+01 a3) 55° EO 
6 0.000 377.594 092582 °21629E+01 SANS Sy//ER HO) 043 22 /5E-01 
6 0.000 394.261 96668 °28937E+01 °28917E+01 207 e496E-01 
7 0.000 206.450 e50619 °64395E-02 © 58474E-02 10315 2 598E-03 
Ui 0.000 5) 1\5)0) Say T/By2 e11172E-01 e 10285E-01 8.62 °656E-03 
? 0.000 228.750 256087 e23851E-01 e22510E-01 596 e121E-02 
V 0.000 2516550 298195 e56170E-01 °55012E-01 So e172E-02 
7 9.000 242.150 259372 ©45596E-01 e44097E-01 3.40 ~207E-02 
V/ 0.900 250.450 061407 ©65488E-01 e64147E-01 2.09 e2/9E-02 
7 0.000 258.150 2063295 e88886E-01 e88591E-01 A515) 2 559E-02 
Y/ 0.000 261.2250 064055 e10106E+00 e10027E+00 /9 2 395E-02 
7 0.000 2622/50 064423 e 10654E+00 e 10633E+00 220 e413E-02 
8 0.000 352.039 086316 2 13652E+01 e013114E+01 4.10 e271E-01 
8 0.000 372.2594 91356 - 19995E+01 e 19637E+01 1.82 °367E-01 
8 0.000 389.261 095442 e2/7234E+01 226521E+01 2.69 e463E-01 
8 0.000 403.150 298848 2 55991E+01 2 55625E+01 1.09 -566E-01 
8 0.000 407.594 99937 25688 7E+01 25624 1E+01 lo 7433 -618E-01 
9 0.000 261.400 264092 » 10133E+00 - |0086E+00 046 2° 397E-02 


Number of data points used in fit = 47; rms pressure deviation = 0.116%. 
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Data sources and 
(9)McClune, (10)Morris, (11)Orrit, (12)Sage, (13)Sliwinski, (14)NGAA, 


(16)Wackher, (17)Benoliel, (18)Kahre, 


Weight 


1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.900 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 


Table 2. 


Tempe 
K 


115.075 
120.075 
123.150 
125.075 
128.150 
129.478 
130.075 
1352032 
133.150 
135.075 
135.2728 
138.150 
138.596 
140.075 
141.445 
143.150 
144.033 
145.075 
146.745 
148.130 
150.075 
152.693 
153-150 
155.443 
158-124 
158.150 
160.760 
163-150 
163448 
166.140 
168.150 
171.559 
173-2150 
174.459 
177-2042 
179.2875 
182.638 
185.2429 
188.223 
194.542 
199.485 
205-110 
210-673 
216.2235 
221.684 
227.2155 
228 000 
228 6428 
229.970 
232261 
232.686 
23502557 
238-707 
238.9835 
2412431 
244.259 
246.150 
246-962 
249.415 
249.817 
25523572 
2552483 
261-000 


|D numbers: 


(Te=-T)/(Te Tt) 


299482 
097783 
296738 
296084 
295039 
294588 
294385 
295580 
293340 
092686 
292464 
091641 
°91490 
290987 
290522 
089942 
289642 
089288 
288721 
288250 
087589 
°86700 
286544 
085765 
284854 
084845 
283959 
283146 
283045 
°82 130 
281448 
280289 
2/9749 
e 79504 
e 78426 
2/7463 
°/6525 
2/5516 
2/4627 
°/2480 
e 70800 
268889 
266999 
265113 
263257 
261398 
2061111 
260966 
260442 
29663 
2599519 
258543 
05/473 
23/379 
256547 
e 55586 
254944 
24668 
253835 
235698 
251810 
IS 
049898 


Comparisons of saturated 


(19)Rodosevich. 


Density (expt) 


mol/L 


12.731 

12.649 
12.583 
12.569 
12.501 

12.483 
12.2485 
12.428 
122420 
12-402 
122379 
12.341 

12.535 
12.3522 
12.294 
12.2260 
12.247 
12.255 
12.202 
12.178 
12.153 
12.106 
12-095 
12.058 
12.016 
12.013 
11.973 
112930 
11.928 
11.884 
11.848 
11.793 
11-766 
11.2745 
112703 
11.656 
11.609 
11-560 
112512 
11.407 
S25 
11.2225 
11.132 
11-033 
19.937 
10.842 
10-827 
10.827 
10.790 
10.756 
10.741 

10.688 
10.633 
10.636 
10.583 
10.531 

10.503 
10.479 
10.439 
10.438 
10.536 
10.335 
10.225 


kg/m3 


739.95 
735021 
731038 
730255 
726-61 
72555 
725268 
72256 
721290 
720283 
719252 
717651 
716295 
71618 
714.55 
712-60 
711-85 
711617 
709221 
70784 
706241 
703 664 
703201 
700.87 
698.4] 
698.25 
695.90 
693-42 
69332 
690.74 
688 .66 
685.44 
683.89 
682 .64 
68022 
677.47 
674.74 
671.94 
669.10 
663.04 
658.25 
652.47 
647.05 
641.31 
6356/75 
630.17 
629.33 
629.31 
627-14 
625.18 
624.30 
621.224 
618.02 
618.21 
615.12 
612.08 
610.48 
609.09 
606.73 
606.70 
600.77 
600.71 
594.352 


55 


Density (calc) 
kg/m3 


739.89 
735005 
732-07 
730021 
72724 
725295 
72538 
722652 
722.41 
720255 
719.92 
717259 
717216 
715274 
714642 
WIZoWY 
711292 
710.92 
709231 
707298 
706210 
703258 
703014 
700695 
698.35 
698.32 
695.81 
693.50 
693621 
690.61 
688.67 
685.37 
683.85 
682 - 56 
680.05 
677.230 
674.61 
671289 
669.16 
662.96 
658.08 
652-50 
646.95 
641237 
635.84 
630-25 
629.38 
628 694 
627235 
624.98 
624.54 
621.255 
618.26 
617.97 
615.39 
612240 
610239 
609.52 
606.90 
606.47 
600.46 
600.53 
594.28 


liquid density data with eq (3). 


(1)Beattie, (2)Carney, (3)Coffin, (5)Dana, (7)Gilmour, (8)Haynes, 
(15)Van der Vet, 


Diff. d Pg/dT 
3 kg/(m3eK) 
01 -.9709 
202 -.9687 

-.09 ~.9675 
205 -.9668 
-.09 - .9658 
-.06 -.9654 
204 - .9652 
-.02 29645 
-.07 - 9645 
204 -.9641 
- .06 - 29640 
-.04 -.9636 
-.03 - 9635 
206 -.9634 
202 - .9632 
-.02 -.9631 
-.01 -.9631 
204 -.9630 
-.01 - 69630 
-.02 -.9630 
204 - 9631 
201 -.9633 
-.02 -.9634 
-.01 -.9637 
-01 - 9641 
-.01 -.9641 
201 -.9647 
-.01 -.9653 
02 -.9654 
202 -.9663 
-.00 . -.9670 
.01 -.9684 
-01 -.9691 
201 -.9698 
02 -.9711 
02 -.9728 
02 - 69745 
201 -.9764 
-.01 -.9785 
01 -.9839 
-03 -.9887 
-.01 -.9948 
02 -1.0017 
-.01 -1.0093 
-.02 -1.0176 
-.01 -1.0267 
-.01 -1.0282 
206 -1.0290 
-.03 -1.0318 
.03 -1.0361 
-.04 -1.0369 
-.05 -1.0425 
-.04 -1.0490 
204 1.0496 
-.04 -1.0549 
-.05 -1.0613 
01 -1.0658 
-.07 -1.0677 
-.03 -1.0738 
204 -1.0748 
05 -1.0894 
-06 -1.0897 
01 -1.1056 
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Data sources and |D numbers: 


Table 2. 


(Continued). 


(16)Wackher, (17)Benoliel, (18)Kahre, (19)Rodosevich. 


Wei ght 


1.000 
1.000 
1.000 
1.000 
1-000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 


0.000 
0.000 
0.900 
0.000 
0.000 
0.000 
0-000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0-000 
0.000 
0.000 
0.000 
0.000 
0-000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0-900 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
9.000 
0.000 
0-000 


Tempe 
K 


266.4835 
2772150 
2772550 
283-200 
288-706 
288 - 706 
288.750 
290.000 
2932190 
299.817 
299.817 
300-000 
303-150 
310.928 
310-950 
313-120 
323-120 
333110 
343-080 
353.2090 
363110 
368 . 100 


303-150 
323.150 
348.150 
373.150 
398.2150 
227.2594 
233.150 
238.706 
244.261 
249.817 
2552372 
2662483 
2772150 
288/06 
310.928 
322.039 
333.150 
245-2350 
252 450 
2572350 
259.550 
261.2950 
264 650 
2662950 
267.2650 
2702450 
2712850 
2732850 
2772450 
2812650 
284 «850 
285.2650 
293350 
298450 
273150 
281.2150 
289.150 
297-2150 
305-150 
313-150 


(Te-T)/(T TH) 


248035 
044410 
044275 
242355 
040484 
240484 
240469 
240044 
° 58960 
256708 
256708 
256646 
255576 
0 32935 
052926 
252188 
e 28790 
225396 
e 22008 
218607 
2 15202 
e 13507 


235576 
°28780 
°20285 
011791 
203296 
261249 
259361 
057473 
255586 
253698 
e51810 
e48035 
044410 
240484 
0 52933 
229158 
025382 
235216 
2 52803 
251138 
250391 
049575 
248658 
047876 
247638 
46687 
046211 
045532 
244309 
042881 
241794 
041522 
258906 
057173 
245770 
043051 
040333 
e5/7615 
254896 
252178 


Density (expt) 


mol/L 


10-127 
9.913 
92901 
9.782 
9.668 
9-679 
9.680 
9.641 
9.578 
92438 
9.438 
92430 
92365 
9.196 
9.194 
9.138 
8.899 
8.649 
8.380 
8.087 
72/61 
72582 


92445 
8.912 
8.258 
72564 
6.073 
10.841 
10.743 
10.643 
10.541 
10.438 
10.337 
10.127 
9.913 
9.679 
9.196 
82945 
8.665 
10.548 
102417 
102331 
10.288 
10.249 
10.192 
10.149 
10.139 
10.077 
10.056 
10.015 
9.956 
92856 
9.791 
9.776 
92619 
9.514 
10.013 
9.858 
9.686 
92514 
92342 
9.170 
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kg/m3 


58862 
576.19 
575250 
568.55 
561.92 
562.59 
56265 
560-58 
5560/2 
548 .60 
548.58 
548.11 
544.25 
534.51 
534.240 
531.13 
517225 
502.69 
487.08 
470.02 
451.10 
440.71 


548.98 
518.00 
479.99 
428.03 
352299 
630210 
624.40 
618-60 
612.70 
606.70 
600.80 
588.60 
576220 
562.60 
534.50 
519.90 
503-50 
613-10 
605.48 
600.48 
597.98 
5950/2 
592.40 
589.90 
589.32 
5585/2 
584 .50 
582.11 
578 269 
57287 
569.10 
56822 
559.10 
552.99 
582.00 
512299 
562.99 
552.99 
543-00 
533-00 


Density (calc) 
kg/m3 


588.17 
576-00 
575-54 
568.91 
562.32 
562 «52 
562.27 
560.75 
556.85 
548 59 
548.59 
548.55 
544.54 
534.17 
534.14 
53123 
517239 
502.71 
487.02 
469.94 
451.06 
440.79 


544.34 
5172355 
478.56 
429.65 
351.40 
629.79 
624.06 
618.26 
612.40 
606.47 
600.46 
588.17 
576200 
562.52 
534.17 
518.92 
502.65 
611-24 
603 65 
598.50 
595 88 
59325 
590 22 
587.265 
586.86 
583.69 
582.10 
579.81 
575265 
5702/4 
566.95 
565299 
556265 
550.51 
580.61 
571253 
5612/78 
551294 
541.276 
531.19 


Diff. 
2 


208 
203 
-.01 
-.06 
-.07 
205 
07 
-.07 
-.02 
200 
-.00 
-.04 
-.02 
206 
205 
-.02 
-.03 
-.01 
01 
202 
201 
-.02 


285 
0135 
250 
-.38 
045 
205 
005 
205 
205 
204 
206 
007 
203 
205 
206 
219 
ol7 
250 
e5] 
257 
oo) 
042 
ES / 
258 
042 
255 
°4] 
240 
055 
257 
258 
239 
044 
249 
224 
229 
022 
219 
223 
254 


(1)Beattie, (2)Carney, (3)Coffin, (5)Dana, (7)Gilmour, (8)Haynes, 
(9)McClune, (10)Morris, (11)Orrit, (12)Sage, (13)Sliwinski, (14)NGAA, (15)Van der Vet, 


dPg/dT 
kg/(m3eK) 


-1.1227 
-1.1604 
-1.1619 
-1.1847 
-1.2089 
-1.2089 
-1.2091 
-1.2149 
-122503 
-1.2648 
-1.2648 
-1.2658 
-1.2837 
-1.3323 
-1 23324 
-1.5472 
=] 04239 
-1.5175 
-1.6546 
-1.7866 
-1.9927 
-2. 1263 


-1.2837 
-1.4241 
-1.7063 
-2.2927 
-4.8156 
-1.0275 
-1.0578 
-1.0490 
-1.0613 
-1.0748 
-1.0894 
-1.21227 
-1.1604 
-1.2089 
-1.35325 
-1.4148 
-1.5179 
-1 20639 
-1.0816 
-1.0949 
-1.1013 
-1.1084 
-1.1168 
-1.1242 
-1.1265 
-1.1360 
-1.1409 
-1.1481 
-1.1615 
-1.1783 
-1.1917 
= Nel 952 
-1.2511 
-1.2574 
-1.1455 
-1.1762 
-1.2110 
-1.22505 
-1.22956 
-123475 


Data sources and |D numbers: 


Table 2. 


(Continued). 


(16)Wackher, (17)Benoliel, (18)Kahre, (19)Rodosevich. 


ID Weight 
5 0.000 
5 0.000 
10 0.000 
10 0.000 
10 0.000 
11 0.000 
12 0.000 
12 0.000 
12 0.000 
12 0.000 
12 0.000 
12 0.000 
14. 0.000 
14 0.000 
15. 0.000 
15. 0.000 
15 0.000 
15 0.000 
15. 0.000 
15 0.000 
15. 0.000 
15 0.000 
15. 0.000 
16 0.000 
16 0.000 
16 0.000 
16 0.000 
16 0.000 
16 0.000 
17 0.000 
170.000 
17 0.000 
170.000 
17 0.000 
17 0.000 
17 0.000 
170.000 
170.000 
18 0.000 
18 0.000 
19 0.000 
19 0.000 
19 0.000 


Tempe 
K 


321.150 
329.150 
310.928 
344.261 
3772594 
150-360 
294.261 
310.928 
327.2594 
344.261 
360.928 
3772594 
322.6039 
333.150 
283. 150 
288.710 
293.150 
298.150 
303-150 
308.150 
3132150 
318-150 
323.150 
223.650 
233-650 
243.2650 
253-2650 
263.650 
273-150 
213-150 
223.2150 
233.150 
243.150 
255150 
263.6150 
273150 
283.150 
293.150 
299.850 
327.2550 
114.000 
115.000 
120.000 


(Tie=)7 Mic= T4) 


229460 
226741 
2529335 
°21607 
- 10281 
87492 
° 38596 
252933 
227270 
e21607 
° 15944 
210281 
° 29158 
° 25582 
042372 
040483 
2 38974 
03/275 
055576 
0533877 
252178 
250479 
e 28780 
262589 
259191 
095195 
° 92396 
248998 
045770 
266157 
°62759 
259361 
2359635 
292565 
049168 
045770 
042372 
258974 
2 36697 
02/285 
299847 
099507 
297808 


Density (expt) 


mol/L 


8.981 
8.792 
9.245 
8-392 
72254 
12.162 
9.626 
9.245 
8.839 
8.589 
72861 
72254 
8.945 
8.662 
9.798 
9.686 
92592 
9.485 
9.377 
9.266 
9.155 
9.038 
8.917 
10.923 
10.748 
10.566 
10.382 
10.185 
9.995 
11.093 
10.909 
10.732 
10.553 
10.367 
10.176 
9.982 
9.786 
9.586 
9.438 
8.776 
12.754 
12.741 
12.665 


kg/m5 


522201 
511.203 
537235 
487.77 
421.65 
706290 
559-50 
537-36 
513-76 
487.60 
456.92 
421.63 
519292 
50347 
569.50 
563.00 
557250 
55130 
545.00 
538 60 
532.10 
52530 
51850 
634 286 
624.71 
614.15 
603.44 
591.99 
580.96 
644.77 
634.08 
623.79 
615239 
602.57 
591.47 
580.20 
568.80 
557218 
548.60 
510.10 
741.29 
740.53 
736012 


Density (calc) 
kg/m3 


520.18 
508.64 
534.17 
485.08 
419.07 
705.83 
BS) 30 3)5) 
534617 
510.93 
485.08 
455.35 
419.07 
518292 
502.65 
568.97 
562 31 
55690 
550.69 
544.34 
537 84 
531.19 
524.37 
517255 
63383 
623.54 
613.05 
602.33 
591234 
580.61 
644.47 
634.34 
624.06 
613-58 
602.87 
591.90 
580.61 
568.97 
556.90 
548.54 
511-00 
740.94 
739297 
735012 


Number of data points used in fit = 85; rms density deviation = 0.038%. 


SI) 


Diff. 
b 


055 
247 
260 
Py) 
262 
215 
0/2 
260 
Py) 
052 
054 
261 
219 
216 
209 
eitiZ 
oll 
ell 
012 
- 14 
ol7 
218 
2 18 
° 16 
019 
218 
18 
oll 
206 
05 
-.04 
-.04 
- 03 
-.05 
-.0/7 
-.07 
-.03 
205 
001 
-. 18 
e05 
208 
014 


(1)Beattie, (2)Carney, (3)Coffin, (5)Dana, (7)GIlmour, (8)Haynes, 
(9)McClune, (10)Morris, (11)Orrit, (12)Sage, (13)Sliwinski, (14)NGAA, (15)Van der Vet, 


dO9/dT 
kg/(m3eK ) 


-1.4076 
-1.4780 
-123523 
- 1.6504 
-2.24759 

-.9631 
-1.2356 
= Oe SY45) 
- 1.4634 
-1.6504 
-1.9417 
-224759 
-1.4148 
-125179 
-1.1845 
-1.2089 
-1.2301 
-1.2558 
-1.2837 
-1.3142 
-1.3475 
-1.3839 
-1.4241 
-1.0207 
-1.0387 
-1.0599 
-1.0847 
-1.1137 
-1.1455 
-1.0050 
-1.0199 
-1.0378 
-1.0588 
-1.0834 
= Newt 2 
-1.1455 
-1.1845 
-1.2301 
-1.2650 
-1.4630 

-.9715 
-29710 
De 09687 
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Table 4. Comparisons of second virial coefficients with eg (5). 


Data sources and ID numbers: (1)Beattie, (2)Gunn, (3)Jessen, (4)Kretschmer, 
(5)Morris, (6)Sage, (7)Strein, (8)Connolly. 


ID Weight Temp. Wie B B-( expt) B-(calc) Diff. _ Diff. 
K cm /mo| % 

3 1.000 273.16 670 -889.00 —3 2432 -3 556 -.075 —2.25 

7 1.000 296.10 e726 -691.00 -2.667 =2./55 088 3.19 

3 1.000 303.16 2/43 -699.00 -2.698 -2.602 -.097 3.71 

4 1.000 303.16 2/43 -644.00 -2.486 -2.602 116 4.45 

7 1.000 308.10 S/S -634.00 -2.447 -2.501 054 2.17 

6 1.000 327.60 2803 -541.34 -2.090 -2.156 067 3.09 

7 1.000 333290 0819 -532.50 -22055 -2.059 2004 18 

6 1.000 344.27 » 844 -524.24 -2.024 -1.915 -e1l11 -5.80 

7 1.000 353-90 0868 -476./0 -1.840 -1.790 -.050 -2 82 

if 1.000 373-90 917 -427.60 -1.651 -1.567 -.083 -5.32 

2 1.000 410.90 1.007 -310.60 -1.199 -1.246 2047 3.80 

5 1.000 410.94 1.008 -329.72 -1.273 -1.246 -.027 2.14 

1 1.000 423.16 1.038 -289.38 -1.117 -1.160 2043 3.68 

5 1.000 444.27 1.089 -256.50 - 990 -1.028 2038 3.71 

Zz 1.000 444.30 1.089 -267.80 -1.034 -1.028 -.006 1) 

1 1.000 448.16 1.099 -253265 - 979 -1.006 2027 2.69 

] 1.000 473.16 1.160 -223.220 -.862 -.878 016 1.84 

7 1.000 477.60 1.171 -230-20 - 889 - 857 -.032 -3.68 

5 1.000 477.60 1.171 -223.-06 - 861 -.857 - 004 -.46 

1 1-000 498.16 1.221 -197.06 -./61 -./69 008 1.07 

2 1.000 510.90 1.253 -191.60 -./740 -./20 -.020 —2./7 

5 1.000 510.94 1.253 -191.28 -./38 -./19 -.019 -2.62 

1 1.000 523.16 1.283 -174.14 -.6/2 -.676 2003 252 

1 1.000 548.16 1.344 =1535~-27 -.592 = 0995 2003 258 

1 1.000 573.16 1.405 -155./6 -.516 -2525 008 1.61 

6 0.000 294 27 2/22 -620./7 -2-396 -2./97 2401 14.33 

6 0.000 310.94 -/62 -585.29 -2.259 -2.446 187 7265 

8 0.000 344.26 844 -457.20 -1./765 -1.913 2148 72/4 

Zz 0.000 344 .30 2844 -414.00 -1.598 -1.912 20314 16.43 

8 0.000 360.93 2885 -412./0 -1.595 -1.707 0114 6.66 

6 0.000 360.94 0885 -502.65 -1.940 -1./07 —254 -13.70 

8 0.000 377.59 2926 -374.00 -1.444 -1.550 087 5267 

Ze 0.000 377.60 2926 -358.00 -1.382 -1.530 148 9.70 

6 0.000 377.60 2926 -488.54 - 1.886 -1.530 =~ 59) -23.23 

8 0.000 394.26 0967 -341.10 -1.317 -1.578 2062 4.47 

6 0.000 394.27 2967 -466 083 -1.802 -1.378 - 424 --30.75 

Uf 0.000 394 .60 2968 -384.00 -1.482 -1.575 -.107 -7./77 

8 0.000 406.87 2998 -318.30 -1.229 =1.277 048 3/6 | 
8 0.000 410.93 1.008 -311.50 -1.202 -1.246 2044 35.51 | 
U 0.000 413.80 1.015 -349.90 -1.351 -1.225 -.126 -10.25 
7 0.000 433.80 1.064 -320.00 -1.255 -1.091 -.144 -13-25 | 
8 0.000 444.26 1.089 -259.60 -1-002 -1.028 026 Zed? { 
7 0.000 453.60 1.112 -291.80 -1.126 -.976 -.150 -15.37 q 
7 0.000 470.20 1.153 -267.20 -1.031 - 2892 -.140 -15.65 . 
7 0.000 494.00 1.211 -243.40 -.940 -. 786 -.154 -19.56 


Number of data points = 25; rms deviation = 2.99%. 
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Table 5. 


Tg 
K 


333-276 
363.148 
380.115 
390.935 
398.060 
402.711 
405.592 
407.1535 
407.761 
407.850 
407.776 
407.319 
406.183 
404.123 
400.946 
396-500 
390.674 
383.391 
374.601 
364.276 
3522405 
338.997 
324.074 
307.679 
289.878 
270-764 
25024635 
229.136 
206.978 
184.208 
161.062 
137.775 
114.567 

91.631 


Behavior of coefficients of equation of state for 


isobutane (eq (6)). 


fs) 
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314.002 
348.267 
369.609 
384.095 
394.014 
400.610 
404.698 
406.887 
407.728 
407.850 
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407.053 
405.288 
402.015 
396.871 
389.562 
379.876 
367.681 
BVA S531) 
335.2691 
316.086 
294 2353 
270.814 
245.874 
220-006 
193.741 
167.641 
142.271 
118.167 
95.805 
752565 

572713 
42.389 
29.609 
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Pg 
MPa 
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326354 
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Table 7. Comparisons of experimental P-o-T data of isobutane 
with eq (6). 


Summary of P-OP-T data comparisons. 


Range of Data Ney No. of Deviations 
Authors T(K) P( MPa) O(kg/m> ) Points Aop/p, rms AP/P ,mean 
(%) (4) 

Beattie [3] 423-573 266 = 350.8 58-465 We) 0.7! 0.39 
Morris [42] 311-511 One 545 10-593 171 1.00 4.74 
Sage [50] 294-394 0.07- 20.7 1-593 164 0.93 7226 
Waxman [63,64] 378-448 O33) = 20.8 6-458 85 0.83 0.42 
Haynes [27] 120-300 lod = SWAG7 551-749 156 0.04 3.82 
Virial equation 

(this report) 270-570 O.ll= 0.24 2.9 Sil 0.49 0.46 


Total number of points used in fit = 480 
Overall rms density deviation = 0.56% 
Overall! mean pressure deviation = 2.15% 
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ID 


Data sources and 


(XXXX)Haynese 
Data Weight 
Point 

Noe 
1 1.000 
2 1-000 
me) 1.000 
4 1.000 
5 1.000 
6 1.000 
7 1-000 
8 1.000 
9 1.000 
10 1.000 
11 1.000 
12 1.000 
13 1.000 
14 1.000 
15 1.000 
16 1.000 
17 1-000 
18 1.000 
19 1.000 
20 1.000 
21 1.000 
22 1.000 
23 1.000 
24 1.000 
25 1.000 
26 1.000 
27 1-000 
28 1.000 
29 1.000 
30 1.000 
31 1.000 
2 1.000 
53 1-000 
34 1-000 
35 1.000 
36 1.000 
37 1.000 
38 1.000 
39 1.000 
40 1.000 
41 1.000 
42 1.000 
43 1.000 
44 1.000 
45 1.000 
46 1.000 
47 1.000 
48 1.000 
49 1.000 
50 1.000 
51 12000 
DZ 1.000 
ai) 1.000 
54 1.000 
55 1.000 
56 1.000 
Di 1.000 
58 1.000 
59 1.000 
60 1.000 
61 1.000 
62 1.000 
63 1.000 


|D numbers: 


Temp. 
K 


377594 
3772594 
3772594 
3772594 
377.2594 
377.594 
377.594 
394.261 

394.261 

394.261 

394.261 

394.261 

394.261 

394.261 

394.261 

394.261 

394.261 

394.261 

394.261 

394.261 

423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 

423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
423.150 
448.150 
448.150 
448.150 
448.150 
448.150 
448.150 


Table 7. 


(Continued). 


(1)Virial Equation, (2)Beattie, (3)Morris, (4)Sage, (10)Waxman, 


Densi 
expt 
mol/L 


e100 
e200 
° 300 
e400 
2 500 
0600 
e700 
e100 
e200 
2500 
2400 
2500 
2600 
°/00 
2800 
2900 
1.000 
1.100 
1.200 
1-300 
e100 
e200 
e500 
0400 
e500 
2600 
e700 
e800 
2900 
1.000 
1-100 
1.200 
1.300 
1.400 
1.500 
1.600 
1-700 
1.800 
1.900 
2.000 
2-100 
2-200 
2-300 
22400 
2-500 
2.664 
32035 
32375 
32931 
4.237 
4.425 
4.743 
52405 
62010 
72000 
72543 
72878 
e100 
e200 
e300 
e400 
2500 
2600 


ty 
kg/m? 


5-81 
11-62 
17.244 
23225 
29.06 
34.87 
40.69 
5281 
11.62 
17244 
23225 
29.06 
34.87 
40.69 
46-50 
52051 
58212 
63294 
69.75 
75256 
5281 
11.62 
1744 
2325 
29.06 
34.87 
40.69 
46.50 
52651 
58.12 
63.94 
69.75 
75256 
81.37 
87.19 
93 200 
98.81 
104.62 
110.44 
116.25 
122.06 
127.87 
133-69 
139.50 
145.31 
154.83 
176241 
196.17 
228.49 
246.24 
257621 
275671 
314.14 
349.32 
406.85 
438.43 
457.91 
5281 
11.62 
17.44 
23225 
29 06 
34.87 


Density 
calc 
kg/m? 


5085 
11.66 
17.44 
23219 
28 96 
34.73 
40.51 

5285 
11.66 
17.44 
23.219 
28295 
34.72 
40.50 
46.29 
52.210 
57-92 
6376 
69.61 
75248 

5285 
11.67 
17245 
23222 
28.99 
34.75 
40.52 
46.30 
52.08 
57-86 
63-64 
69.43 
7522 
81.01 
86.80 
92.59 
98.37 

104.15 
109.91 
115.67 
121.41 
127215 
132.86 
138.58 
144.28 
153-66 
174.52 
193.16 
222.11 
238 40 
249.07 
270256 
310-07 
347.201 
405.68 
437.40 
457.16 

5085 
11.67 
17246 
23.623 
28.99 
34.76 


64 


Density 
Dilifatie 
2 


- 64 
-.52 
01 
224 
056 
041 
042 
-.64 
-.353 
201 
224 
0 358 
045 
047 
245 
041 
256 
o2/7 
220 
oll 
-.65 
-.59 
-.09 
012 
o27 
035 
240 
043 
045 
246 
246 
046 
045 
045 
045 
044 
045 
046 
047 
5\0) 
255 
057 
261 
066 
e771 
0/5 
1.07 
1.53 
2.79 
3-18 
3-16 
1.94 
1229 
266 
029 
224 
016 
- 64 
-.40 
sieilZ 
210 
024 
O35) 


Pexpt 
MPa 


25022 
25814 
28382 
1.0733 
1.2874 
1.4809 
1.6545 
25166 
©6114 
28850 
1.1382 
1.3717 
1.5861 
1.7822 
1.9607 
221223 
22677 
23978 
225128 
226139 
25417 
26655 
29661 
1.2501 
1.5163 
1.7653 
1.9977 
22144 
24159 
226030 
2.7764 
29367 
30847 
322210 
323464 
324615 
3.5669 
326634 
327515 
328320 
329054 
329723 
4.0333 
4.0891 
4.1401 
4.2153 
4.3519 
4.4522 
4.5997 
4.6898 
4.7545 
4.9091 
524031 
64265 
10.8398 
1529822 
20.7503 
256352 
e/080 
1.0350 
1.3448 
1.6383 
1.9159 


Peale 


MPa 


25003 
23/96 
28385 
1.0755 
1.2911 
124855 
1.6593 
25147 
26096 
28851 
1.1406 
1.3760 
1.5917 
1.7884 
1.9669 
2.1280 
22/726 
2.4015 
225154 
226153 
25395 
26610 
29653 
122515 
1.5198 
1.7704 
220041 
222217 
224238 
226113 
2.7848 
229452 
320931 
3.2293 
325544 
324693 
325/46 
326710 
32/591 
328397 
329132 
35-9803 
4.0416 
4.9977 
4.1489 
4.2239 
4.5627 
4.4675 
4.6340 
4.7568 
4.8087 
4.9561 
5480 1 
625212 
10.9855 
16-1982 
20-9602 
25609 
2/053 
1.0338 
1.3460 
1.6417 
1.9213 


Pressure 
Dit. 
4 


262 
250 
-.01 
-.20 
-.29 
-e51 


1D 


Data sources and 


(XXXX) Haynes. 
Data Weight 
Point 

No. 

64 1.000 
65 1.000 
66 1.000 
67 1.000 
68 1.000 
69 1.000 
70 1.000 
71 1.000 
72 1.000 
73 1-000 
74 1.000 
V5 1.000 
76 1-000 
77 1.000 
78 1.000 
19 1.000 
80 1.000 
81 1.000 
82 1.000 
83 1.000 
84 1.000 
85 1.000 


1D numbers: 


Temp. 
K 


448.150 
448.150 
448.150 
448.150 
448.150 
448.150 
448.150 
448.150 
448.150 
448.150 
448.150 
448.150 
448.150 
448.150 
448.150 
448.150 
448.150 
448.150 
448.150 
448.150 
448.150 
448.150 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Beattie, (3)Morris, (4)Sage, (10)Waxman, 


Densi 
expt 
mol/L 


e700 

2800 

2900 
1.000 
1-100 
1.200 
1.300 
1.400 
1.500 
1.600 
1.700 
1.800 
1.897 
1.897 
22524 
22826 
32378 
32378 
4.495 
52032 
62014 
6-015 


ty 
kg/m? 


40.69 
46.50 
52351 
58.12 
63.94 
69.75 
75256 
81.37 
87.19 
93.00 
98.81 
104.62 
110.25 
110.27 
146.71 
164.25 
196.32 
196.36 
261225 
292248 
349.58 
349.64 


Density 
calc 
kg/m? 


40.53 
46.29 
52.06 
57 683 
63259 
69.56 
75012 
80.89 
86.66 
92.43 
98.21 
104.90 
109.57 
109.57 
145.84 
163.28 
194.78 
194.78 
257206 
288.87 
347.89 
347.89 


65 


Density 
Dinfitis 
é 


259 
044 
248 
o3)| 
23D4 
236 
258 
09 


Pexpt 
MPa 


2.1783 
204265 
2.6603 
28812 
3.0895 
3.2859 
324710 
326455 
328101 
329654 
4.1120 
4.2507 
4.3769 
4.3769 
50598 
525276 
52/698 
52/698 
67568 
724805 
10.0243 
10.0242 


Peale 


MPa 


221854 
204348 
226702 
28922 
321015 
322988 
324846 
3.6597 
3.8247 
39802 
4.1268 
4.2652 
4.3918 
4.35922 
520738 
523417 
52/912 
52/916 
628389 
725813 
10.1365 
10.1405 


Pressure 
Drift. 
4 


-.52 
235 
-.5/ 
—.58 
-59 
-.59 
- 59 
-.59 
-.58 
-.5/ 
-.56 
-.54 
=354 
-.55 
-.28 
-.26 
-.5/ 
-.58 
-| 20 
-| 35) 
-1 el ] 
altoid 


ID 


NNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNN NN NNNNNMNNNNN NNN NNN NN NNNN PY NNN 


Data sources and 


(XXXX) Haynes. 
Data Weight 
Point 

No. 
86 1-060 
87 1.000 
88 1.000 
89 1.000 
90 1.000 
91 1.000 
92 1.000 
93 1.000 
94 1.000 
95 1.000 
96 1.000 
97 1.000 
98 1.000 
99 1.000 
100 1.000 
101 1-000 
102 1.000 
103 1.000 
104 1.000 
105 1.000 
106 1.000 
107 1.000 
108 1.000 
109 1.000 
110 1.000 
111 1.000 
112 1.000 
aS 1.000 
114 1.000 
115 1.000 
116 1.000 
117 1.000 
118 1-000 
119 1.000 
120 1.000 
12] 1.000 
122 1.000 
123 1.000 
124 1.000 
125 1.000 
126 1.000 
127 1.000 
128 1.000 
129 1.000 
130 1.000 
131 1.000 
132 1.000 
11335) 1.000 
134 1.000 
135 1.000 
136 1.000 
137 1.000 
138 1.000 
139 1.000 
140 1.000 
141 1.000 
142 1.000 
143 1.000 
144 1.000 
145 1.000 
146 1.000 
147 1.000 
148 1.000 


1D numbers: 


Temp. 
K 


423.150 
448.150 
473.150 
498.150 
523.150 
548.150 
5732150 
423.150 
448.150 
473.150 
498.150 
523.150 
548.150 
573-150 
423.150 
448.150 
473.2150 
498.150 
523.150 
548.150 
573-150 
423.150 
448.150 
473.2150 
498.150 
523-150 
548.150 
573150 
423.2150 
448.150 
473-2150 
498.150 
523.2150 
548-150 
5732150 
423.150 
448.150 
4732150 
498.150 
523.150 
548.150 
573-150 
423.150 
448.150 
473.150 
498.150 
523.150 
548.150 
573-2150 
423.150 
448.150 
473-150 
498.150 
523-150 
548.150 
573150 
423.150 
448.150 
473.150 
498.150 
5232150 
548.150 
5732150 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Beattie, (3)Morris, (4)Sage, (10)Waxman, 


Densi 
expt 
mol/L 


0999 

2999 

2999 

0999 

0999 

0999 

2999 
1.499 
1.499 
1-499 
1.499 
1.499 
1.499 
1.499 
1.998 
1.998 
12998 
1.998 
1.998 
1.998 
1.998 
2.498 
22498 
22498 
22498 
22498 
2.498 
2.498 
22998 
2.998 
2.998 
22998 
2.998 
2-998 
2.998 
3497 
32497 
32497 
32497 
32497 
32497 
32497 
32997 
3.997 
3.997 
BOY) 
3.997 
32997 
3.997 
4.496 
4.496 
4.496 
4.496 
4.496 
4.496 
4.496 
4.996 
4.996 
4.996 
4.996 
4.996 
4.996 
4.996 


ty 
kg/m? 


5808 
58.98 
58.08 
58.08 
58-08 
58.08 
58 08 
87212 
87.12 
87.12 
87.212 
87212 
87.12 
87612 
116215 
116215 
116.15 
116215 
116.15 
116.15 
116215 
145.19 
145.19 
145.19 
145.19 
145.19 
145.19 
145.19 
174.23 
174.23 
174.23 
174.23 
174223 
174.23 
174.23 
203-27 
203227 
203627 
203227 
203627 
203-27 
203-27 
232631 
2322351 
232351 
232631 
23231 
232051 
232.31 
261.35 
261235 
261235 
261255 
261.35 
261.35 
261235 
29039 
290.39 
290239 
290.39 
290.39 
290.39 
290-39 


Density 
calc 
kg/m 


57.89 

5787 

57.85 

57.88 

57291 

57296 

57292 

86.91 

86./6 

86.68 

86.76 

86.84 

86.94 

87.02 
115.83 
115.69 
115.87 
115.90 
115.98 
116.15 
116.228 
144.63 
144.68 
144.85 
145.13 
145.30 
145.59 
145.82 
172.79 
173.260 
174.200 
174.47 
174.75 
175.11 
1754239 
20017 
201.87 
202.70 
203-40 
203.81 
204.32 
204.65 
225.99 
229.40 
230-88 
231285 
232246 
233209 
233256 
25505, 
257251 
259227 
260-46 
261.16 
261.292 
262.40 
283-79 
287-04 
288.53 
289.55 
290.25 
290.92 
291242 


66 


Density 
Diff. 
A 


e532 
250 
259 
035 
229 
220 
o2/7 
223 
04) 
250 
241 
e352 
220 
ell 
228 
240 
025 
222 
215 
200 
-ell 
0359 
055 
025 
205 
-.07 
~e 27 
-245 
283 
256 
013 
-.14 
-.50 
-.50 
- 66 
1.52 
269 
228 
-.06 
-.26 
= eD2 
-.68 
272 
1.25 
262 
220 
-.0/7 
—254 
- 254 
3205 
1.47 
280 
254 
207 
we Dis 
- 40 
2.2] 
1215 
264 
229 
205 
=e illo 
-. 56 


Pexpt 
MPa 


26041 
2.8827 
321542 
524228 
3.6872 
329507 
4.2060 
525488 
328129 
4.2617 
4.7055 
521422 
525149 
6.9025 
3.8341 
4.5079 
53-1645 
528029 
624321 
720583 
726774 
4.1432 
520409 
529153 
62/7746 
726227 
8.4687 
9.3077 
4.3418 
54756 
6 5882 
726936 
8.7879 
9.8812 
10.9684 
4.4877 
58687 
722458 
8.6248 
9.9967 
11.3758 
12.7467 
4.6204 
6.2771 
7 «9560 
9.6482 
11.3423 
13-0486 
14.7539 
4.7825 
62/655 
8.7980 
10.8620 
12.9341 
15.0316 
1721239 
520559 
724312 
9.8964 
12.4042 
14.9513 
1724877 
20-0472 


Peale 


MPa 


2.6098 
2.8905 
35-1639 
304522 
3.6964 
529576 
4.2163 
5 3550 
328227 
4.2767 
4.7199 
25 lee) 
525842 
6.0084 
528384 
4.5176 
5.1726 
528118 
624595 
720585 
726704 
4.1479 
520492 
529220 
6.7767 
726184 
8 4500 
9.27/54 
4.3502 
524845 
625934 
726861 
8.7670 
9.8383 
10.9016 
4.5032 
5 «8885 
722594 
8.6204 
9.9732 
11.3189 
12.6580 
4.6551 
63236 
729949 
9.6659 
11.3345 
12.9997 
14.6606 
4.8383 
6.8408 
8 8669 
10.9038 
12.9455 
14.9881 
17.0291 
51105 
7252235 
9.9774 
124545 
14.9431 
17.4366 
19.9309 


Pressure 
Ditt. 
4 


-—.22 
=o2]/ 
—.51 
=—2/ 
-.25 
-.18 
-24 
-.13 
-.26 
=.55 
-.50 
-.25 
SO 1 7 
-.10 
=o ll] 
-.21 
-.16 
-.15 
20/2 
-.00 

209 
=6 il] 
-.16 
-.15 
-.03 

206 

eZ. 

oSil/ 
-.19 
-.16 
-.08 

210 

«24 

044 

61 
=.55 
- 54 
-.19 

205 


ID 


NNNNNNNNNNN NN 


Data sources and 


(XXXX)Haynes. 
Data Weight 
Point 

Noe 

149 1.000 
150 1.000 
151 1.000 
152 1.000 
153 1.000 
154 1.000 
155 1.000 
156 1-000 
157 1.000 
158 1.000 
159 1.000 
160 1.000 


|D numbers: 


Tempe 
K 


423.150 
448.150 
473-150 
498.150 
523-150 
548.150 
423-150 
448.150 
473-150 
498.150 
423.2150 
448.150 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Beattie, (3)Morris, (4)Sage, (10)Waxman, 


Densi 
expt 
mol/L 


5995 
52995 
52995 
52995 
52995 
52995 
6.994 
6.994 
62994 
6.994 
72993 
72993 


Dy, 
kg/m? 


348 .46 
348 .46 
348.46 
348 . 46 
348.46 
348 . 46 
406.54 
406.54 
406.54 
406.54 
464.62 
464.62 


Density 
calc 
kg/m 


346.13 
347.08 
347.75 
348.33 
348 .66 
349.25 
405-42 
406.05 
406.27 
406.81 
464.07 
464.11 


67 


Density 
Diistitye 


a 
1) 


067 
240 
eZ 
004 
- 06 
-e25 
228 
212 
207 
-.07 
012 
oll 


Pex pt 
MPa 


63916 

9.9714 
1326523 
1723519 
21-0807 
24.8765 
10.8073 
16.2566 
212/058 
2722615 
222/687 
30.7815 


Peale 


MPa 


6.4854 
10.0620 
13.6986 
17.3675 
21-0531 
24.7455 
10.9462 
1623352 
212/591 
2721971 
22293585 
30.9631 


Pressure 
Dili. 
b 


-1.45 
-.90 
-.48 
-.09 

013 
005 

-1.27 
-.48 
-24 

o24 
-/4 
-.59 


HHH BRAHLAALHALHLALHPAHADLHPHAAHAAAAAHLAPAPHPALHLHLAAAHPAHPAHAHPAAHLAADAPHPAHHPALHAHALHHALHANH 


Data sources and 


(XXXX)Haynes. 
Data Weight 
Point 

No . 

161 -020 
162 2020 
163 2020 
164 2020 
165 2020 
166 2020 
167 -020 
168 020 
169 2020 
170 2020 
lial 2020 
172 2020 
173 2020 
174 2020 
175 2020 
176 020 
177 2020 
178 2020 
179 2020 
180 2020 
181 2020 
182 2020 
183 2020 
184 2020 
185 2020 
186 020 
187 2020 
188 2020 
189 2020 
190 2020 
191 2020 
192 020 
193 2020 
194 2020 
195 2020 
196 2020 
197 2020 
198 2020 
199 2020 
200 020 
201 2020 
202 2020 
203 2020 
204 2020 
205 2020 
206 2020 
207 020 
208 2020 
209 2020 
210 2020 
7A\) 2020 
212 2020 
Zales 2020 
214 2020 
2D 020 
216 2020 
217 2020 
218 020 
219 020 
220 2020 
221 020 
222 2020 
223 2020 


1D numbers: 


Temp. 
K 


294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
319.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
327.594 
327594 
327.2594 
327.594 
327.2594 
3272594 
327.2594 
327.594 
327.594 
327 6594 
3272594 
327.594 
327.2594 
327594 
327.594 
327.594 
327.594 
327.2594 
327 2594 
327.594 
327-2594 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Beattie, (3)Morris, (4)Sage, (10)Waxman, 


Density 
expt 

mol/L kg/m? 
2029 1.67 
2043 2.47 
2058 3.40 
2090 521 
2123 7012 
9.677 562.45 
9./55 565.82 
9.794 569.24 
9.846 572.29 
9.896 515617 
9.949 578-28 
10.000 581.22 
10.051 584.19 
10.095 586.76 
10.136 589.13 
10.173 591.31 
10.211 593-50 
2027 1.57 
2040 2.35 
0055 3220 
2084 4.89 
114 6.64 

- 146 8.48 
2179 10.42 
9-292 540.07 
9.367 544.48 
92438 548.58 
9.503 552-56 
9.566 556.00 
9.623 559.30 
9.680 562.64 
9.735 565282 
9./87 568.84 
9.835 571.68 
9.878 574.14 
9.928 577.03 
2026 1.49 
2038 2.21 
2052 3.03 
2079 4.61 
2107 625 
2137 7294 
2167 9.70 
0251 13.46 
0502 17.56 
8.890 5162/2 
8.989 522.45 
9.077 527262 
9.159 532355 
9.229 536245 
9.292 540.07 
9.558 543.92 
9.419 547.45 
9.477 550.84 
9.535 554.08 
9.582 556.97 
9.636 560.09 
0024 1.42 
2036 2.10 
2049 2-87 
2075 4.37 

- 102 5.90 
2129 7249 


Density 


calc 
kg/m 


1.68 
2-49 
32435 
5.25 
7.16 
558.56 
561.64 
564.75 
5672/2 
570-55 
573226 
575.87 
578.38 
580.80 
583.2135 
585.239 
587.59 
1.58 
2235 
322 
4.92 
6.67 
8.49 
10.39 
537-26 
541.235 
545.17 
548.75 
55214 
555-35 
558.41 
561.34 
564.13 
566.82 
569.41 
571.90 
1.50 
2-22 
3.04 
4.65 
6.26 
7295 
9.68 
13.34 
17.32 
514.12 
519.40 
524-22 
528.65 
532.78 
536.64 
540.27 
543.71 
546.97 
550.08 
553-05 
55590 
1.42 
2.10 
2.88 
4.38 
5.91 
7248 


68 


Density 


Diff. 
B 


-.63 
-./9 
- 88 
-./8 
-.46 
0/3 
2/4 
2/9 
80 


Pexpt 
MPa 


20689 
21013 
21379 
22068 
22758 
1.7237 
324474 
521711 
6.8948 
8.6184 
10.5421 
12.0658 
13.7895 
15.5132 
17.2369 
18.9606 
20.6843 
20689 
1013 
21379 
-2068 
02758 
25447 
04137 
1.7237 
324474 
5e1711 
628948 
8.6184 
10.3421 
12.0658 
13.7895 
1525132 
17.2369 
18.9606 
20.6843 
20689 
21013 
21379 
22068 
22/58 
25447 
04137 
25516 
26895 
1.7237 
324474 
521711 
6.8948 
8.6184 
10.3421 
12.0658 
13.7895 
15.5132 
17.2369 
18.9606 
20.6843 
20689 
21013 
21379 
22068 
22758 
25447 


Peale 


MPa 


0685 

- 1006 

2 1367 
e2053 
22746 
38857 
5.7846 
728135 
9.7178 
11.5969 
13-7247 
15.8230 
18.0352 
20-0262 
21.9515 
23.7528 
25.6023 
20686 

- 1007 

- 1369 
22055 
22747 
25444 
04147 
228947 
4.8510 
6.8081 
8/557 
10.7011 
12.5828 
14.5860 
16.5888 
18.5755 
20.5300 
22-2857 
24.4325 
20687 

- 1008 
21371 
22059 
22750 
25446 
24146 
23557 
26974 
225519 
4.5233 
6.4808 
824352 
10.2568 
11.9674 
13.8992 
1527748 
17.6710 
19.5749 
2123510 
23 5504 
20687 

2 1009 
21373 
22062 
22754 
05451 


Pressure 
Diffs 
4 


262 
2/6 
285 
0/3 
242 
-355.64 
-40.40 
33.82 
-29.05 
-25.68 
-24.65 
-23./5 
23.54 
-22.54 
-21 41 
-20.11 
-19.21 
254 
263 
2/2 
263 
240 
-10 
-.25 
-40.45 
-28 93 
-24.05 
-21.06 
-19.46 
-17.81 
-17.28 
-16.87 
-16.49 
-16.04 
-14.92 
-15234 
240 
249 
055 
247 
228 
204 
-.22 
-./5 
-1.14 
-32.45 
2301/8) 
-20.21 
-18.26 
-15.97 
-13.58 
-13. 19 
-12.59 
-12.21 
-11.94 
-11.20 
-11.42 
29 
238 
240 
229 
oD 

-. 11 


ID 


PHP HP HPAPHPAHAAAHAHAAHAHAPHPHAHAHAHAAHAHAAHADAHAAAAHAAAAAAHHAHAAHAHA HAHAHAHAHA 


Data sources and 


(XXXX) Haynes. 
Data Weight 
Point 

No. 

224 2020 
225 2020 
226 2020 
227 e020 
228 2020 
229 2020 
230 2020 
231 2020 
252 2020 
233 2020 
234 2020 
25D 2020 
236 2020 
237 2020 
238 2020 
239 2020 
240 2020 
241 2020 
242 2020 
243 2020 
244 2020 
245 2020 
246 2020 
247 2020 
248 2020 
249 2020 
250 2020 
251 2020 
252 2020 
253 2020 
254 2020 
255 2020 
256 2020 
25, 2020 
258 2020 
259 2020 
260 2020 
261 2020 
262 2020 
263 2020 
264 2020 
265 2020 
266 2020 
267 2020 
268 2020 
269 2020 
270 2020 
271 2020 
272 2020 
Zi 2020 
274 2020 
ZN, 2020 
276 2020 
277 2020 
278 2020 
279 2020 
280 2020 
281 2020 
282 2020 
283 2020 
284 2020 
285 2020 
286 2020 


1D numbers: 


Tempe 
K 


344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
360.928 
360-928 
360.928 
360.928 
360.928 
360.928 
360.928 
360.928 
360.928 
360.928 
360.928 
360.928 
360.928 
560.928 
360.928 
360.928 
360.928 
360.928 
360.928 
360-928 
360.928 
360.928 
360.928 
360.928 
360.928 
360.928 
377.2594 
3772594 
3772594 
377.2594 
3772594 
377.594 
377594 
377-594 
3772594 
3772594 
3772594 
3772594 
3772594 
3772594 
3772594 
3772594 
3772594 
3772594 
377.2594 
3772594 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Beattie, (3)Morris, (4)Sage, (10)Waxman, 


Densi 
expt 
mol/L 


e157 
2216 
e279 
2565 
2461 
8.441 
8.5/2 
8.683 
8.780 
8.870 
8.951 
9.033 
9.104 
9.168 
9.229 
9.292 
9.361 
2023 
2034 
2047 
0071 
2096 
2122 
2148 
2203 
e260 
0557 
2420 
e511 
2612 
2/26 
72876 
8.056 
82222 
8.351 
8.477 
8.580 
8.675 
8.763 
8.839 
8.916 
8.986 
9.054 
2022 
2035 
2045 
2068 
2092 
2116 
e140 
0191 
0244 
0514 
2589 
2468 
054 
2648 
e155 
0878 
12022 
72493 
72/28 
72910 


ty 
kg/m? 


9.11 
40.25) 
16-20 
21.19 
26-77 

490.61 
498.24 
504.68 
510.30 
515656 
520225 
525-02 
529.19 
53288 
536245 
540.07 
544.11 
1.35 

2.00 

2.75 

4.15 

5260 

7209 

8.61 
11.77 
15611 
19.58 
24.43 
29.71 
3556 
42.22 

457.80 
468.24 
477.88 
485.41 
492.72 
498.71 
504.20 
509.33 
513-74 
518.23 
522.28 
526223 

1-29 

1.91 

2.61 

395 

50353 

6.75 

8.16 
11.12 
14.20 
18.26 
22259 
2721 
32.18 
37267 
43.90 
51.03 
5942 

435252 
449.20 
459.77 


Density 
calc 
kg/m 


9.08 
12.43 
15.99 
20.84 
26.28 
487.92 
495.12 
501.43 
507-08 
512.21 
516.93 
521.51 
525-39 
529.23 
532.85 
536228 
539-55 
1.35 
2-00 
2.74 
4.16 
5260 
7207 
8.5/7 
11.67 
14.93 
19.26 
23.296 
29.14 
34.99 
41.82 
456.46 
467.28 
476.07 
483.56 
490.13 
496.01 
501.36 
506627 
510.83 
515.07 
519.06 
522.83 
1.29 
1.91 
2.61 
3296 
5052 
6671 
8.12 
11.02 
14.04 
17.99 
22.20 
26.71 
31.61 
37.00 
43.03 
49.96 
58.28 
433-23 
446.80 
457.234 


69 


Density 
Diistitve 
a 


2) 


054 
231 
1.27 
1.69 
1.86 
Pep) 
263 
264 
065 
065 
064 
e/\ 
0/2 
269 
067 
2/0 
234 
-.26 
-.28 
-28 
“e 16 
002 
226 
248 
23/7 
1-22 
1.61 
1.92 
1.92 
1.59 
095 
229 
2) 
2358 
258 
035 
004 
256 
260 


Pexpt 
MPa 


04137 
25516 
26895 
28618 
1.20342 
1.7237 
324474 
5el/11 
6.8948 
8.6184 
10.3421 
12-0658 
13.7895 
1525132 
17.2369 
18-9606 
20-6845 
20689 
21013 
21379 
22068 
22758 
25447 
04137 
05516 
26895 
8618 
1.0542 
1.2066 
1.3790 
1.5513 
1.7237 
324474 
Dol Wi 
628948 
8.6184 
10.3421 
12-0658 
13.7895 
15.5132 
17.2369 
18.9606 
20.6843 
20689 
21013 
21379 
22068 
02/58 
05447 
04137 
09516 
26895 
28618 
120342 
1.2066 
1.23790 
1.5513 
1.7237 
1.8961 
2.0684 
34474 
Dioul/Alul 
6.8948 


Peale 


MPa 


°4150 
29556 
26972 
28/759 
1.20488 
25596 
4.2744 
6.1399 
729591 
9.8268 
11.6378 
13-6298 
1524938 
17-2528 
19.0472 
20.9653 
2322281 
20688 
21010 
01375 
22065 
22/58 
23456 
04156 
25560 
26970 
08/759 
1.0506 
122244 
1.3944 
1.5605 
1.9150 
326209 
525653 
725596 
9.3568 
11.1908 
13.0455 
14.9337 
16.6840 
18.5915 
2024299 
22.5278 
20688 
21011 
21377 
22068 
02762 
053459 
04158 
25562 
°6970 
087335 
1.0497 
122246 
1.3981 
1.5717 
1.7469 
1.9204 
2.0891 
327031 
525316 
723470 


Pressure 
Diihfiti. 
4 


S05} 

= 2) 
-1.10 
-1.38 
ale D9 
-26.33 
-19.35 
-15.78 
SI55)/ 
-12.30 
US) 
-11.47 
-11.00 
-10.08 
-9.50 
-9.56 
-10.95 
025 
228 
e2/ 
216 

- 02 
-.25 

- 46 
-.80 
-1.09 
-1.38 
-1.56 
-1.46 
-1.11 
-259 
-9.99 
-4.79 
-7.08 
-6.52 
-7.89 
-7.58 
SiO 
-7.266 
-7202 
-7.29 
hel 9 
-7236 
ol7 
018 
216 
2035 
-.14 
—254 
-.51 
-.84 
-1.08 
=ilverIl 
-1.47 
-1.47 
1) 5590/ 
-1.50 
-1.33 
-1.27 
-.99 
-6.91 
-6.52 
-6.16 


1D 


PPAF H AHP HAHAHA AAHAHAAAHA AA AA PARA RAAR HAH ADR ABR AR 


Data sources and 


(XXXX) Haynes. 
Data Weight 
Point 

Noe 

287 2020 
288 2020 
289 2020 
290 2020 
291 2020 
292 2020 
293 2020 
294 2020 
295 2020 
296 2020 
297 2020 
298 2020 
299 2020 
300 2020 
301 2020 
302 2020 
303 2020 
304 2020 
305 2020 
306 2020 
307 2020 
308 2020 
309 2020 
310 e020 
Silt 2020 
312 2020 
S15 2020 
314 2020 
315 2020 
316 2020 
Si 2020 
318 2020 
319 2020 
320 2020 
321 2020 
322 2020 
525 2020 
324 2020 


|D numbers: 


Tempe 
K 


3772594 
377-594 
3772594 
3772594 
3772594 
3772594 
3772594 
3772594 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 
394.261 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Beattie, (3)Morris, (4)Sage, (10)Waxman, 


Densi 
expt 
mol/L 


8.049 
8.178 
8.308 
8407 
8.503 
8.591 
-8.677 
8-743 
2021 
2051 
2043 
2065 
2087 
2110 
2 134 
2182 
025) 
2296 
2565 
0434 
2511 
2592 
2681 
0/78 
2886 
1.141 
1.474 
6-702 
70112 
7.588 
72596 
72765 
72903 
8.032 
8.146 
8.259 
8.334 
8.420 


ty 
kg/m 


467.83 
475-33 
482.92 
488.67 
494.24 
499.33 
504.36 
508-20 
1.24 
1.82 
2249 
3.78 
5209 
6242 
7e// 
10.55 
13.43 
17-18 
21212 
25621 
29-71 
34.43 
3957 
45.24 
51.49 
66.30 
85.66 
389-55 
413.38 
429.245 
441.52 
451.235 
459.38 
466.87 
473-50 
478.88 
484.38 
489.41 


Density 
calc 
kg/m> 


466.07 
473.60 
480.25 
486.23 
491.68 
496.70 
501.36 
505.71 
1.24 
1.83 
2250 
3/77 
5207 
6.39 
712 
10.45 
13.27 
16.93 
20.77 
24.83 
29214 
3315 
38.71 
44.12 
50.09 
64.50 
85.68 
384.15 
410.84 
427.17 
439.40 
449.33 
457/77 
465.15 
471.273 
477.69 
483.15 
488.19 


70 


Density 
Diff. 
a 
P 


° 58 
056 
055 
250 
052 
Pee) 
260 
049 
a @) 10 
-.10 
-.07 
08 
226 
042 
264 
097 
1.22 
1.48 
1.64 
1.50 
1.92 
2-00 
2.17 
2246 
2-72 
2/2 


Pexpt 
MPa 


8.6184 
10.3421 
12.0658 
1327895 
1525132 
1722569 
18-9606 
20.6843 

20689 
21013 
21379 
°2068 
22/58 
25447 
04137 
25516 
26895 
28618 

1.20342 

1.2066 

1.3790 

1.5513 

WevViZ57, 

1.8961 

2.0684 

224132 

22/579 

324474 

5e1711 

6.8948 

8.6184 
1023421 
12.0658 
13-7895 
1525132 
17-2369 
18.9606 
20.6843 


Peale 


MPa 


8.9998 
10.7700 
12.8135 
14.5398 
1623758 
18.1944 
20.1381 
21.7231 

20689 
21012 
21378 
2070 
22/65 
25461 
04162 
23567 
26974 
08755 

1.0493 

122221 

124009 

1.5760 

1.7521 

1.9296 

2.1063 

224496 

22/576 

3.7067 

524005 

721852 

8.9607 
10-7313 
1224224 
14.2230 
16-0070 
1725992 
19.3700 
21-1224 


Pressure 
DifF . 
ag 


p 


-4.24 
-3.97 
5.83 
=e 16 
-5e27 
-5.26 
51 3)2) 
-4.78 
210 
-10 
07 
-.08 
-.25 
-.41 
—.61 
-.91 
55) 
1525) 
-1.44 
-1.27 
-1.57 
-1.57 
-1.62 
-1./74 


ID 


1301 
1302 
1303 
1304 
1305 
1306 
1307 
1308 
1309 
1310 
1311 

1312 
1701 

1702 
1703 
1704 
1705 
1706 
1707 
1708 
1709 
1710 
1711 

1712 
1401 

1402 
1403 
1404 
1405 
1406 
1407 
1408 
1409 
1410 
1411 

1412 
1501 

1502 
1503 
1504 
1505 
1506 
1507 
1508 
1509 
1510 
1511 

1512 
1601 

1602 
1603 
1604 
1605 
1606 
1607 
1608 
1609 
1610 
1611 
1612 
1901 
1902 
1903 


Data sources and 


(XXXX) Haynes. 
Data Weight 
Point 

No. 

525 1-000 
326 1.000 
SY27/ 1.000 
328 1.000 
329 1.000 
330 1.000 
331 1.000 
By 1.000 
335 1.000 
334 1.000 
S51) 1.000 
336 1.000 
S1557/ 1.000 
338 1.000 
339 1.000 
340 1.000 
341 1.000 
342 1.000 
343 1.000 
344 1.000 
345 1.000 
346 1.000 
347 1.000 
348 1.000 
349 1.000 
350 1.000 
351 1.000 
BDZ 1.000 
5D 1.000 
354 1.000 
553) 1.000 
356 1.000 
SD 1.000 
358 1.000 
359 1.000 
360 1.000 
361 1.000 
362 1.000 
363 1.000 
364 1.000 
365 1.000 
366 1.000 
367 1.000 
368 1.000 
369 1.000 
370 1.000 
371 1.000 
SIZ 1.000 
373 1.000 
374 1.000 
Bi Bi 1.000 
376 1.000 
Syl 1.000 
378 1.000 
379 1.000 
380 1.000 
381 1.000 
382 1.000 
383 1.000 
384 1.000 
385 1.000 
386 1.000 
387 1.000 


|D numbers: 


Tempe 
K 


120.000 
120.000 
120.000 
120.000 
120.000 
120.000 
120-000 
120.000 
120.000 
120-000 
120.000 
120.000 
130.000 
130.000 
130.000 
130.000 
130-000 
130.000 
130-000 
130.000 
130-000 
130.000 
130-000 
130.000 
140.000 
140.000 
140.000 
140.000 
140.000 
140.000 
140.000 
140.000 
140.000 
140-000 
140.000 
140.000 
140.000 
140.000 
140.000 
140.000 
140.000 
140.000 
140.000 
140.000 
140.000 
140.000 
140-000 
140.000 
160.000 
160.000 
160.000 
160.000 
160.000 
160.000 
160.000 
160-000 
160.000 
160.000 
160.000 
160.000 
160.000 
160.000 
160.000 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Beattie, (3)Morris, (4)Sage, (10)Waxman, 


Densi 
expt 
mol/L 


12.884 
12.862 
12.840 
12.817 
12.794 
12.771 
12.748 
12.725 
122706 
12.686 
12.671 
12.662 
12.755 
12-711 
12.687 
12.662 
12.638 
12-614 
12.589 
12.565 
12.545 
12.525 
12.2509 
12.499 
12.587 
12.560 
12.555 
12.510 
122485 
12.462 
12.435 
12.407 
12.385 
12.363 
12.346 
12.335 
12.583 
12.560 
12.534 
12.509 
12.483 
12.458 
122432 
12.405 
12.383 
12.361 
122545 
12.334 
12.293 
12.265 
12.236 
12.207 
12.178 
12.148 
26 We 
12-086 
12.062 
122057 
12.018 
12.005 
12.298 
12.270 
12.242 


ty 
kg/m? 


74889 
747-60 
746229 
744.97 
743.263 
742.29 
740.95 
739261 
738251 
737.256 
736252 
735297 
740621 
738.81 
737259 
735299 
73458 
733617 
731274 
730250 
729.214 
727298 
727208 
726247 
731259 
730206 
728 660 
727.213 
725.266 


724235° 


7222/8 
721215 
719287 
718.59 
717-261 
716.97 
731655 
730202 
728.55 
727208 
72559 
724.10 
72258 
721200 
719675 
718-50 
717256 
716292 
714254 
712.91 
Vilelre25 
709255 
707281 
706209 
704. 30 
70250 
701.08 
699.65 
698.54 
697.80 
714282 
713216 
711254 


Density 
calc 
kg/m? 


749 204 
747.75 
746.44 
745.211 
743.276 
742240 
741.201 
739.60 
738 46 
737230 
73643 
73584 
740234 
73897 
737257 
736616 
7342/2 
733226 
7316/8 
730227 
729 204 
727-80 
726 86 
72622 
7316/2 
730226 
72878 
72727 
72574 
724.218 
722259 
720-98 
719267 
718.53 
717232 
716264 
7316/2 
730226 
728.18 
VAU6AT 
725074 
724.18 
722.259 
720298 
719-67 
718653 
Te SZ 
716.64 
714.68 
713204 
711637 
709 .66 
707293 
706615 
704.55 
702250 
700.99 
699.46 
698.29 
697.50 
714-68 
713204 
WI VoSY 


Ua 


Density 
Diff. 
q 


p 


- 02 
-.02 
-.02 
-.02 
-.02 
-.01 
-.01 
200 
201 
201 
001 
002 
- 02 
~e 02 
-.02 
-.02 
- 02 
-.01 
-.01 
200 
201 
02 
203 
205 
- 02 
-.03 
-.02 
-.02 
-.01 
02 
003 
002 
203 
204 
004 
e05 
- 05 
-.03 
-.03 
-.03 
-.02 
-.01 
-.00 
200 
201 
202 
005 
204 
- 02 
-.02 
-.02 
-.02 
-.02 
-.01 
-.01 
-.00 
001 
05 
04 
204 
202 
002 
202 


Pexpt 


MPa 


34.7208 
31.2775 
27.8345 
24.3914 
20.9480 
17.5050 
14.0618 
10.6189 
7.8644 
521102 
3.0443 
1.26672 
34.7197 
31.22/65 
27-8330 
24.3898 
20.9465 
17.5035 
14.0603 
10.6174 
728629 
5 1086 
320428 
1.6657 
34.7206 
3122773 
2728537 
24.3905 
20.9471 
17.5039 
14.0607 
10.6179 
728631 
51089 
320429 
1.6658 
34.7188 
S255) 
2728519 
24.3887 
20.9453 
1725022 
14.0590 
10.6161 
728616 
5. 1073 
3.04 16 
1.6645 
3427211 
31.2776 
27-8541 
24.3910 
20-9476 
17.5045 
14.0613 
10.6184 
728659 
521097 
30438 
1.6667 
34.7198 
31.2765 
2728350 


Peale 


MPa 


34.5216 
30.6871 
27.4387 
24. 0384 
20.6117 
1722339 
1329045 
10.6569 
729868 
502578 
32570 
1.9786 
34.3905 
30.8714 
2725908 
2329770 
20.6147 
1723032 
13.9753 
10.6993 
8.0842 
525023 
3253567 
2.1951 
34.5981 
3028118 
2724179 
24.0648 
20-7654 
17.8757 
14.4502 
10.9735 
8.2857 
526562 
326267 
205307 
33-8350 
30.7168 
2725111 
2329597 
20.6102 
17235154 
14.0247 
10.6661 
8.0433 
524450 
325522 
22568 
3424251 
31-0150 
2725477 
2421572 
20.7277 
1723762 
13-9808 
10.6116 
8.0173 
5 04555 
324875 
2.1831 
3520282 
315226 
28.1885 


Pressure 
Ditkftie 
2b 


1.16 
1.26 
1.44 
1.47 
1.635 
1.57 
1.13 
“e 17 
=e) 
-2.81 
5295) 
-15.74 
296 
1.31 
1.61 
1.72 
1.61 
1.16 
06] 
=e) 
-2./4 
-7.16 
-13.97 
-24.12 
094 
1.5] 
os 
1.355 
088 
-2.08 
-2./0 
-3.24 
-5.10 
-9 236 
-16.10 
-28 53 
2.62 
1.82 
1.91 
1.79 
1.63 
1.08 
224 
-.4/7 
-2.26 
-6.20 
-13.89 
=25 059 
086 
085 
1.04 
97 
1.06 
2/4 
058 
006 
-1.91 
-654 
S126 UZ 
-23.65 
-.88 
-./8 
-1.26 


ID 


1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2101 
2102 
2103 
2104 
2105 
2106 
2107 
2108 
2109 
2110 
2111 
2112 
2201 
2202 
2203 
2204 
2205 
2206 
2207 
2208 
2209 
2210 
2211 
2212 
2301 
2302 
2303 
2304 
2305 
2306 
2307 
2308 
2309 
2310 
2311 
2312 
2401 
2402 
2403 
2404 
2405 
2406 


Data sources and 


(XXXX)Haynes.e 
Data Weight 
Point 

Noe 

388 1.000 
389 1-000 
390 1.000 
391 1.000 
392 1.000 
393 1.000 
394 1.000 
595 1.000 
396 1-000 
397 1.000 
398 1-000 
399 1.000 
400 1.000 
401 1.000 
402 1.000 
403 1.000 
404 1.000 
405 1.000 
406 1.000 
407 1.000 
408 1.000 
409 1.000 
410 1.000 
411 1.000 
412 1.000 
413 1.000 
414 1.000 
415 1.000 
416 1.000 
417 1.000 
418 1.000 
419 1.000 
420 1.000 
421 1.000 
422 1.000 
423 1.000 
424 1.000 
425 1.000 
426 1.000 
427 1-000 
428 1.000 
429 1.000 
430 1.000 
431 1.000 
432 1.000 
433 1-000 
434 1.000 
435 1.000 
436 1.000 
437 1.000 
438 1.000 
439 1.000 
440 1.000 
44] 1.000 
442 1.000 
443 1.000 
444 1.000 
445 1.000 
446 1.000 
447 1.000 
448 1.000 
449 1.000 
450 1.000 


1D numbers: 


Temp. 
K 


160.000 
160.000 
160.000 
160-900 
160.100 
160.000 
160.000 
160.900 
160.000 
180.000 
180.000 
180.000 
180.000 
180.900 
180.000 
180.000 
180.000 
180.000 
180-000 
180 000 
180.000 
200-000 
200.000 
200.000 
200.000 
200.000 
200-000 
200.000 
200.000 
200.2000 
200-000 
200-000 
200-000 
220.000 
220.2000 
220.000 
220.2000 
220.000 
220.000 
220.000 
220-000 
220.000 
220.000 
220-000 
220-000 
240.000 
240.000 
240.000 
240.000 
240.000 
240.000 
240-000 
240.900 
240.000 
240.000 
240.000 
240.000 
260-000 
260-000 
260.000 
260-000 
260-000 
260.000 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Beattie, (3)Morris, (4)Sage, (10)Waxman, 


Densi 
expt 
mol/L 


12.212 
12.182 
12.151 
12.121 
12.096 
12.070 
12.045 
122025 
12.006 
12.011 
11.980 
11.948 
11.915 
11.880 
11.844 
11.808 
11.779 
11.749 
11-720 
11.697 
11.674 
11.725 
11.689 
11.652 
11.615 
11.576 
11-536 
112494 
11.460 
112426 
11.2392 
112365 
112338 
11.443 
11.400 
11.2359 
11.316 
11.272 
11.225 
io Ne 7/ 
11.2138 
11.098 
11.056 
11.024 
10.993 
112155 
11-108 
11.061 
11.013 
10.963 
10.911 
10.855 
10.810 
10.763 
10.715 
10.678 
10.641 
10.872 
10.820 
10.767 
10.711 
10.654 
10.594 


ty 
kg/m? 


709 82 
708205 
706627 
704.50 
703205 
701254 
700.09 
698.935 
697.82 
698. 14 
696232 
694 645 
692.55 
690.51 
688.44 
686.35 
684.66 
682.93 
681.219 
679.89 
678-535 
681.48 
67939 
677229 
675208 
672.84 
670.50 
668-06 
666-10 
664.13 
662.14 
660.58 
658.98 
665.12 
662.662 
660.21 
6572/6 
655-216 
652.45 
649.64 
647.56 
645.03 
642.61 
640.78 
638 695 
648.35 
645.65 
642-90 
640.10 
637.219 
634.17 
630.96 
628.31 
625259 
622-80 
620.67 
618.47 
631293 
628-90 
625.80 
622.58 
619.25 
615677 


Density 
calc 
kg/m> 


709 .66 
707293 
706215 
704 35 
702.78 
701637 
699.85 
698 .68 
697250 
697.85 
696.01 
694.13 
692.21 
690.24 
688.23 
686.17 
684.49 
682.76 
681.01 
679.266 
673.450 
681.219 
679612 
677.201 
674.84 
67262 
670653 
667298 
666-04 
664.06 
662.2035 
660.47 
658-88 
664.63 
662252 
659.94 
657.649 
654.97 
652-36 
649.66 
647.43 
645.14 
642.77 
640.95 
639 .08 
648.13 
645.54 
642.86 
640.09 
637621 
634-23 
631.212 
628.54 
625.86 
623.09 
620.93 
618.71 
631665 
628.74 
625671 
622.56 
619.28 
615284 


72 


Density 
Diff. 
3 


202 
002 
202 
202 
204 
202 
005 
204 
205 
204 
204 
205 
005 
204 
205 
203 
203 
202 
003 
203 
203 
204 
204 
204 
204 
0035 
203 
201 
01 
201 
202 
202 
002 
207 
005 
204 
204 
203 
201 
-.00 
-.01 
-.02 
-.03 
-.03 
-.02 
003 
002 
201 
200 
-.00 
-.01 
-.02 
-.04 
-.04 
-.05 
-.04 
-.04 
204 
203 
201 
200 
-.00 
-.01 


Pexpt 
MPa 


24.3899 
2029465 
17-5034 
14.0602 
1123059 
8.5513 
521971 
327314 
1.6655 
34.7205 
3122771 
278336 
24-3905 
20-9472 
1725041 
14.0609 
11235066 
8.5521 
52/978 
3213522 
1.6663 
34.7199 
31-2766 
278331 
24.5899 
20.9466 
17-5036 
14.0603 
11-3061 
8.5516 
521974 
30/317 
1.6659 
34.7200 
3122767 
2728332 
2423901 
20-9467 
1725037 
14.0605 
11-3062 
8.5517 
52/974 
32/318 
1.6659 
34.7206 
3122773 
2728539 
24.3908 
20.9474 
1725043 
14.0611 
11.3068 
8.5529 
5.1980 
373523 
1.6665 
34.7194 
31.2761 
2728527 
24.3897 
20.9464 
17.5033 


Peale 


MPa 


24.7043 
21-1841 
172/342 
14.3534 
11.8038 
8.8632 
6223551 
4.1645 
22155 
352598 
3128445 
2824148 
24.9649 
2124092 
17-8578 
14.3540 
11.5943 
8.8071 
6.0781 
4.0714 
220179 
352246 
31-7098 
28 - 2803 
24.7705 
21.2897 
1727552 
14.1779 
11.3930 
8.6514 
5 29465 
328801 
1.8028 
3524580 
31-7176 
2822211 
24.7609 
21-2082 
1726254 
14.0395 
1122159 
8.4271 
526097 
325412 
125234 
3520189 
3124237 
27 8803 
24.4074 
20.9190 
1724345 
13.8902 
11.0633 
8.2725 
525165 
324866 
124536 
3520533 
3124728 
27.9290 
24.4055 
2029197 
1724309 


Pressure 
Dil tis 
a 


-1 eZ] 
-1.12 
-1.30 
-2.04 
-4.22 
5.52 
-7.02 
-10.40 
-24.76 
-1.53 
-1.78 
-2.05 
-2.30 
-2.16 
-1.98 
-2.04 
-2.248 
—-2.90 
-4.61 
-8.33 
-17242 
-1.43 
-1.37 
—1.58 
-1.54 
-1.61 
-1.42 
-.85 
—./6 
=i!5 IB 
-2.50 
-3.83 
-7.59 
-2.08 
-1 059 
-1.37 
-1.50 
-1.23 
-.69 
Pal) 
281 
1.48 
3235 
5058 
9.35 
-.85 
-4/7 
-.l/7 
-.07 
214 
240 
1.23 
220 
3239 
5-10 
7205 
14.65 
-.95 
-.65 
- 54 
-.06 
013 
242 


ID 


2407 
2408 
2409 
2410 
2411 
2412 
2501 
2502 
2503 
2504 
2505 
2506 
2507 
2508 
2509 
2510 
2511 
2512 
1801 
1802 
1803 
1804 
1805 
1806 
1807 
1808 
1809 
1810 
1811 
1812 


Data sources and 


(XXXX) Haynes e 
Data Weight 
Point 

No. 

451 1.000 
452 1.000 
453 1.000 
454 1.000 
455 1.000 
456 1.000 
457 1.000 
458 1.000 
459 1.000 
460 1.000 
461 1.000 
462 1.000 
463 1.000 
464 1.000 
465 1.000 
466 1.000 
467 1.000 
468 1.000 
469 1.000 
470 1.000 
47] 1.000 
472 1.000 
473 1.000 
474 1.000 
475 1.000 
476 1.000 
477 1.000 
478 1.000 
479 1.000 
480 1.000 


|D numbers: 


Temp. 
K 


260-000 
260.000 
260-000 
260.000 
260-000 
260.000 
280-000 
280.000 
280.000 — 
280.000 
280.000 
280.000 
280-000 
280.000 
280-000 
280.000 
280.000 
280.000 
300.000 
300.000 
300-000 
300-000 
300-000 
300.000 
300.000 
300.000 
300-000 
300.000 
300-000 
300.000 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Beattie, (3)Morris, (4)Sage, (10)Waxman, 


Densi 
expt 
mol/L 


10.532 
10.480 
10.425 
10.368 
10.322 
10.275 
10.580 
10.522 
10.461 
10.398 
10.332 
10.263 
10-190 
10.129 
10.065 
9.998 
9.945 
9.889 
10.299 
10.234 
10-166 
10.093 
10-016 
9.934 
9.848 
9.775 
9.698 
9.615 
9.547 
92475 


ty 
kg/m? 


612.16 
609.14 
605.97 
602.60 
599.96 
59722 
614.96 
611.259 
608.03 
604.35 
600.52 
596252 
592.30 
588 - 73 
585-03 
581.14 
578.03 
574.76 
598.61 
594.84 
590.88 
586.64 
582.16 
577.241 
572.38 
568.15 
5636/71 
558.89 
554.91 
550.70 


Density 
calc 
kg/m? 


612.24 
609.25 
606.07 
602.78 
600.19 
597.250 
615.15 
611.87 
608.44 
604.85 
601.09 
597611 
592.91 
589.35 
585259 
581.62 
57846 
575615 
598.60 
594.90 
591.201 
586.91 
582.56 
577.93 
572-98 
568.73 
564.19 
559651 
555637 
551216 


13 


Density 
Dilstitre 
, 


-.01 
-.01 
- 02 
-.03 
-.04 
-.95 
-.03 
-.05 
-.0/7 
-.08 
-.09 
-. 10 
-.10 
-.10 
-.10 
-.08 
-.0O/7 
-.07 

e00 
-.01 
- 02 
-.05 
-.07 
-.09 
-.10 
-.10 
-.09 
-.08 
-.08 
~.08 


Pexpt 
MPa 


14.0602 
11.3060 
825515 
52/973 
327317 
1.6658 
34.7209 
312775 
27.8540 
24 3908 
290.9474 
17.5043 
14.0611 
11.3069 
8.5523 
52/981 
327324 
1.26665 
34/216 
31.2783 
2726548 
24.3916 
20.9483 
1725052 
14.0620 
1123077 
8.5531 
5.1989 
Se 552 
1.6674 


Peale 


MPa 


13.9839 
Ie 2525 
8.4612 
526578 
325544 
124496 
34.5197 
509922 
27.4330 
2329175 
204431 
17.0055 
1325858 
10.8430 
8.1542 
524829 
324590 
1.4338 
34.7361 
3122308 
271242 
24.1716 
20.6415 
1721268 
13.6671 
10.9419 
822722 
5.5718 
324996 
1.4484 


Pressure 
Dititutire 
t 


055 
266 
1.07 
2047 
4.99 
14.91 
058 
092 
1.46 
1.98 
2047 
2293 
3250 
4.28 
4.88 
5215 
7290 
16.23 
-.04 
015 
240 
09 | 
1.49 
2021 
2.89 
3234 
3240 
4.08 
6.68 
15.12 


ID 


WW NWN NWN WN WN WW WN WNW WWW WN WW WWW Ot WN WN OW WN WWW WW OW WWW WON WWW OW WN WOW WN WWW OW WW WO WO 


Data sources and 
(XXXX)Haynese 
Data Weight 
Point 
Noe 
481 e000 
482 2000 
483 2000 
484 e000 
485 2000 
486 e000 
487 e000 
488 2000 
489 e000 
490 e000 
491 2000 
492 e000 
493 e000 
494 e000 
495 e000 
496 e000 
497 2000 
498 000 
499 2000 
500 © 000 
501 e000 
502 2000 
503 2000 
504 e000 
505 2000 
506 e000 
507 e000 
508 2000 
509 e000 
510 2000 
511 e000 
52 2000 
Sy }5) 2000 
514 e000 
515 2000 
516 2000 
517 2000 
518 e000 
519 2000 
520 000 
521 e000 
522 e000 
525 2000 
524 e000 
525 e000 
526 e000 
527 e000 
523 e000 
529 000 
530 e000 
531 0000 
532 e000 
535 2000 
534 000 
555 2000 
536 e000 
557, 2000 
538 2000 
539 «000 
540 2000 
541 e000 
542 2000 
543 000 


1D numbers: 


Tempe 
K 


310.928 
310.928 
310.928 
310928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
319.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310-928 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.26] 
344.261 
344.261 
3772594 
3772594 
377-594 
3772594 
3772594 
377.594 
3772594 
377-594 
377594 
377.594 
377.594 
377-594 
3772594 
377594 
3772594 
377594 
377.594 
377-2594 
3772594 
377.594 


Table 7. 


(Continued ) 


(1)Virial Equation, (2)Beattie, (3)Morris, (4)Sage, (10)Waxman, 


Density 
expt 
mol/L kg/m? 
9.254 537.89 
9.282 539252 
9-342 543.00 
9.399 546.35 
9.451 549.33 
9.503 552.56 
9.566 556200 
9.623 559.30 
9.677 562.45 
92/28 565642 
9.776 568.25 
9.818 570.66 
9.864 573052 
9.906 515219 
9.945 578.08 
9.985 580.38 
10.025 582./0 
10.062 584.83 
10.099 586.97 
10.132 588.91 
10.166 590.87 
10.196 592.62 
8.410 488.81 
8.516 495.01 
8.607 500.26 
8.694 505.31 
8.774 509.98 
8.867 515239 
8.951 520.25 
9.027 524.68 
9.101 529.01 
9.168 532.88 
92229 536.45 
9.292 540.07 
9.348 543.37 
9.399 546.335 
9.448 549.14 
9.493 551.79 
9.539 554.46 
9.582 556.97 
9.626 559-50 
9.663 561.66 
9.700 56383 
703557 427.62 
TeV 440.07 
7.743 450.08 
726885 458.33 
8.037 467.15 
8.168 474.76 
8.283 481.47 
8.387 487.48 
8.482 493.03 
8.569 498 .09 
8.650 502.78 
8./24- 507.07 
8.796 511.28 
8.864 BNI) 525) 
8.927 518.90 
8.989 52245 
9.051 526.06 
9.107 529.36 
9.162 532.53 
9.214 535656 


Density 
calc 
kg/m? 


534.66 
536041 
5392/5 
542.91 
545-90 
548.75 
552614 
DDD ie DD 
55841 
561234 
564.13 
566 «82 
569.41 
571290 
574.51 
576.64 
578 89 
581.08 
583-20 
585 27 
587.28 
589.24 
486.34 
492.36 
497.73 
502.61 
507.08 
51221 
516293 
521.31 
525239 
52923 
53285 
536628 
539.55 
542.67 
545.265 
548.52 
551627 
553292 
556.48 
558-96 
56135 
42632 
439-16 
449.10 
457234 
466.97 
473.60 
480.25 
486.23 
491.68 
496./0 
501236 
505.71 
50979 
513265 
51731 
520279 
524.11 
527.28 
530.32 
53325 


74 


Density 
Diff. 
i 


60 
058 
260 
063 
262 
065 
269 
oJ 1 
0/2 
0/2 
2/2 
067 
268 
068 
065 
065 
065 
064 
264 
2062 
061 
Say 
251 
253 
ell 
054 
ool 
262 
004 
264 
268 
069 
067 
2/0 
°/0 
267 
064 
059 
058 
055 
054 
048 
044 
030 
eal 
022 
022 
025 
024 
025 
025 
6Z)/ 
228 
228 
02] 
029 
051 
6351] 
252 
oll, 
259 
04] 
043 


Pexpt 
MPa 


26895 
123790 
227579 
4.13569 
525158 
628948 
8.6184 

10.3421 
12.0658 
13.7895 
1525132 
1722369 
18.9606 
2026845 
2224080 
24.1316 
2528553 
2725790 
29.3027 
31.0264 
322/501 
344738 
1.3790 
20/519 
4.1569 
525158 
6.8948 
8.6184 
10.3421 
12.0658 
132/895 
1525132 
1722369 
18.9606 
20.6843 
22-4080 
24.1316 
2528555 
2725790 
29-3027 
31.0264 
32.7501 
34.4738 
207579 
4.13569 
525158 
68948 
8.6184 
10.3421 
12.0658 
13.7895 
1525132 
1722369 
18.9606 
2026845 
22.4080 
24.1316 
2528553 
2725790 
29235027 
31.0264 
3227501 
3404738 


Peale 


MPa 


1.9821 
2.6625 
4.1788 
5.1204 
721818 
8.7337 
10.7011 
12.5828 
14.4647 
1635320 
18.1695 
19.8205 
2126920 
2324992 
2502257 
2720218 
28 8899 
3026532 
32.4804 
34.1814 
3529377 
375466 

1.9253 
324191 
4.83569 
623568 

728491 
9.7653 
11.6378 
1324811 
15.4131 
17.2528 
19.0472 
20-9653 
22.8043 
24.5338 
2622406 
2729118 
29.6622 
31235615 
33.1352 
34.6965 
3623154 
28785 
4.2512 

56691 
720758 
88502 
10.6286 
12.4023 
14. 1689 
15.9614 
17-7569 
19.5106 
21.2490 
23-0611 
24.8637 
2626537 
28 64355 
3023543 
3221975 
34.0434 
35.8807 


Pressure 
Diff. 
q 


7 


-65-22 
-48.21 
-34.00 
-27.68 
-23.20 
-21 206 
-19.46 
-17.81 
-16.58 
—15.57 
-14.62 
-13.04 
-12.59 
-1 1 98 
Silo le 
-10.70 
-10.50 
-10-05 
-9./8 
-9.25 
-8.87 
-8.18 
-28.58 
-19.34 
-14.47 
-12.96 
-12.16 
-11.74 
-1 lo lS 
-10.50 
-10.55 
-10.08 
-9.50 
-9.56 
-9.50 
-8.66 
-8.04 
-7.37 
-7.02 
-6.56 
-6.36 
-5.61 
5-07 
-4. 19 
-2.69 
-2./0 
=2696 
-2.262 
-2./0 
-2.71 
-2.68 
-2.81 
-2.82 
-2.82 
-2.66 
-2.83 
-2.94 
-2.92 
-3.01 
-3.46 
-3.64 
-3.80 
=3e92 


1D 
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Data sources and 


(XXXX) Haynes. 
Data Weight 
Point 

No. 

544 2000 
545 2000 
546 2000 
547 2000 
548 -000 
549 2000 
550 2000 
551 2000 
552 2000 
553 2000 
554 °000 
555 2000 
556 2000 
DDI! 2000 
558 2000 
559 2000 
560 2000 
561 2000 
562 2000 
563 2000 
564 2000 
565 2000 
566 2 000 
567 2000 
568 2000 
569 2000 
570 000 
571 2000 
572 2000 
B13) 2000 
574 2000 
DD » 000 
576 2000 
Bia 2000 
578 2000 
519 2 000 
580 2000 
58 1 2000 
582 2000 
583 2000 
584 2000 
585 2000 
586 2000 
587 2000 
588 2 000 
589 ~000 
590 2000 
591 2000 
592 2000 
593 2000 
594 2000 
595 2000 
596 2000 
597 2000 
598 2000 
599 2000 
600 2000 
601 2000 
602 2000 
603 -000 
604 2000 
605 2000 
606 2000 


1D numbers: 


Tempe 
K 


410.928 
410.928 
410.928 
410.928 
410.928 
410.928 
410.928 
410.928 
410.928 
410.928 
410.928 
410.928 
410.928 
410.928 
410.928 
410.928 
410.928 
410.928 
410.928 
410.928 
419.928 
410.928 
410.928 
410.928 
410.928 
410.928 
410.928 
419.928 
410.928 
410.928 
410.928 
410.928 
410.928 
444.261 
444.261 
444.261 
444.261 
444.261 
444.261 
444.261 
444.261 
444.261 
444.261 
444.261 
444.261 
444.261 
444.261 
444.261 
444.261 
444.261 
444.261 
444.261 
444.261 
444.261 
444,261 
444.261 
444.261 
444.261 
477.2594 
477.594 
477.594 
4772594 
477.594 


Table 7. 


(Continued ) 


(1)Virial Equation, (2)Beattie, (3)Morris, (4)Sage, (10)Waxman, 


Densi 
expt 
mol/L 


e217 
2471 
1.195 
1.557 
1.720 
1.918 
2.196 
20392 
22694 
32297 
4.632 
5-002 
52520 
52624 
6.179 
62492 
62/56 
72096 
70295 
70473 
72628 
72163 
7885 
72990 
8.091 
8.183 
8.27) 
8.354 
8.430 
8.506 
8.577 
8.645 
8.710 
2196 
0415 
0959 
12318 
1.781 
22426 
3300 
4.244 
4.882 
52/65 
6.248 
6-566 
6.820 
72050 
7207 
72361 
70485 
72596 
72704 
72800 
7.897 
72988 
8.068 
8.144 
8.219 
2181 
05/78 
0830 
1.096 
1.398 


ty 
kg/m? 


12.59 

27235 

69.46 

90-50 

99.99 
111.47 
127.64 
139.05 
156.58 
191.61 
269.22 
290.72 
309.24 
326.91 
359216 
Bes) 
392.71 
412.42 
423.88 
434.34 
443.36 
451.22 
458.19 
464.44 
470.30 
475.61 
480.75 
485.56 
490.01 
494.40 
498.55 
502.46 
506.27 

11242 

24.15 

55/4 

7661 
103.55 
141.01 
191.84 
246.67 
283.76 
335011 
363615 
381.66 
39640 
408.63 
418.89 
427.84 
435.205 
441.52 
447.82 
453.40 
458.98 
464.30 
468.92 
473256 
477.274 

10.52 

21.95 

48.22 

63/2 

81.27 


Density 
calc 
kg/m? 


12-60 
27.218 
69.56 
90.55 
99.98 
111.65 
127.42 
138.33 
153.78 
182.89 
248.292 
281282 
296.19 
313292 
350.18 
3568625 
390.74 
409.16 
422.76 
433.269 
442.91 
450.92 
458.03 
464.44 
470.28 
475267 
480.67 
485.34 
489.72 
493.86 
497.78 
501.50 
505.05 
11.47 
24.18 
55 264 
76052 
102.94 
139.68 
190.62 
241.86 
279.85 
332.38 
360.65 
379.93 
394.67 
406.66 
416.82 
425.65 
433.48 
440.54 
446.96 
452.87 
458.34 
463.44 
468.22 
472.713 
476.99 
10.55 
21.92 
48.13 
63255 
81.04 


15 


Density 
Dik. 
b 


-.03 
062 
015 

-.05 
201 

-.16 
ol7 
052 

1.79 

4.55 

7254 

3.06 

4.02 

3297 

250 

2241 
250 
2/9 
27 
015 
10 
007 
204 
200 
200 

~.01 
002 
205 
206 
oll 
216 
019 
024 

-045 

-13 
° 18 
035] 
259 
094 
065 

1.95 

1.38 
081 
069 
045 
044 
248 
250 
051 
236 
022 
019 
012 
014 
019 
e15 
013 
o 16 

6/25) 
013 
219 
226 
228 


Pexpt 
MPa 


6895 
1.3790 
2.7579 
3.1716 
3.3095 
3.4474 
3.5853 
3.6542 
3.7232 
3.7921 
3.8611 
3.9300 
3.9990 
4.1369 
4.8263 
5.5158 
6.8948 
8.6184 

10.3421 
12.0658 
13.7895 
15.5132 
17.2369 
18.9606 

20.6843 

224080 

24.1316 

25.8553 

27.5790 

29.3027 

31.0264 

32.7501 

34.4738 

6895 
1.3790 
207579 
3.4474 
4.1369 
4.8263 
5.5158 
6.2053 
6.8948 
8.6184 

10.3421 

12.0658 

13.7895 

15.5132 

17.2369 

18.9606 

20.6843 

22.4080 

24.1316 

2528553 

27.5790 

29.3027 

31.0264 

32.7501 

34.4738 

26895 
1.3790 
207579 
3.4474 
4.1369 


Peale 


MPa 


06893 
1.3863 
2/603 
3.1708 
323097 
324455 
3.5869 
3.26581 
re SZ7, 
3.8036 
3.8947 
3.9665 
4.0911 
4.3060 
521309 
529929 
720496 
8.9938 

10.5047 
12.1788 
138802 
15.5835 
1722795 
18.9610 
20.6897 
22.5875 
24.1598 
2529389 
2726967 
29253546 
3123784 
33.2088 
3520857 

26865 
1.3774 
2/616 
324558 
4.1505 
4.8472 
529309 
6.2801 
6298352 
8.1524 

10.5367 
12.2486 
14.0191 
15.8280 
17.6226 
19.4244 
21.0523 
22.6630 
24.3735 
26 0163 
27./896 
29.6053 
3122876 
32.9988 
34.7853 

26880 
1.3806 
2.76235 
324543 
4.1453 


Pressure 
Dittifi. 
ib 


003 
52) 
-.09 

002 
-.01 

005 
-.04 
oll 
-.26 
-. 30 
- 86 
= 92 

=2.25 
=I) 
-5.94 
-7.296 
-2.20 
-4.17 


ID 
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Data sources and 


(XXXX) Haynes. 
Data Weight 
Point 

Noe 

607 2000 
608 2000 
609 2000 
610 2000 
611 2000 
612 2000 
613 2000 
614 000 
615 2000 
616 e000 
617 2000 
618 000 
619 2000 
620 2000 
621 2000 
622 2000 
623 e000 
624 2000 
625 2000 
626 2000 
627 000 
628 2000 
629 2000 
630 000 
631 2000 
632 2000 
633 2000 
634 2000 
635 2000 
636 2000 
637 2000 
638 2000 
639 2000 
640 2000 
641 2000 
642 e000 
643 2000 
644 000 
645 2000 
646 2000 
647 2000 
648 2000 
649 2000 
650 2000 
651 e000 


|D numbers: 


Tempe 
K 


477.594 
477.594 
477.594 
4772594 
4772594 
477.594 
477.594 
4772594 
477.594 
477.594 
4772594 
477-594 
4772594 
4772594 
477.2594 
4772594 
477.594 
477.594 
477.2594 
477.594 
510.928 
510.928 
510.928 
510.928 
510.928 
510.928 
510.928 
510.928 
510.928 
5102928 
510.928 
510.928 
510.928 
510.928 
510.928 
510.928 
5102928 
510-928 
5102928 
510.928 
510.928 
5102928 
510.928 
5102928 
510-928 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Beattie, (3)Morris, (4)Sage, (10)Waxman, 


Density 
expt 

mol/L kg/m? 
1.740 101.13 
2.156 124.17 
22583 150.13 
3.064 178.10 
4.192 243.66 
4.965 288.57 
5.491 319.16 
52866 340.96 
6.164 358627 
6-408 372244 
6.614 384.41 
66/88 394.54 
6.926 402.58 
72.059 410.31 
ToNtS— 4695 
72291 423.77 
72402 430.26 
72507 436.35 
72598 441.64 
7267/7 446.20 
° 168 9.76 
0547 20.14 
2/41 43.08 
2962 55.89 
1-200 69.74 
1.458 84.75 
1.734 100.81 
2031 118.04 
22543 136621 
3.156 183.47 
32912 227.37 
4.530 263.29 
5002 290.72 
52568 =. 1201 
Dovey BYALA) KEw/ 
5-928 344.56 
6-150 357.248 
6.346 368.83 
66520 378.96 
6.671 387276 
6.810 395.81 
6.938 403.28 
72059 410.31 
7. 166 416.50 
7.262 422.09 


Density 


101.09 
124.16 
150.35 
178.63 
243.09 
288.79 
319-90 
342.38 
359274 
373 284 
38570 
395295 
404.99 
413.07 
420.39 
427.09 
433-27 
439.00 
444.36 
449.38 
9.78 
20.12 
42.99 
BIOS 
69.54 
84.46 
100.62 
118.01 
136-50 
184.74 
228.31 
263052 
291.50 
313636 
331.26 
346.219 
358-93 
370.01 
379-82 
388.60 
396657 
403.85 
410.56 
416.78 
422.59 


76 


Density 
Diikfitre 
3 


204 
01 
-.15 
-.29 
024 
-.08 
-.235 
-.42 
-.41 
-.58 
- 34 
-. 36 
-.60 
-.6/ 
- 835 
-./8 
-./0 
-.61 
-.61 
-./1 
-.25 

012 

e21 

025 

029 

054 

219 

003 
-.21 
-.69 
-.41 
-.09 
-.20 
-.43 
- 42 
-4/7 
-.41 
-.32 
-.25 
-.22 
“e 19 
“e 14 
- 06 
-.07 
-.12 


Pexpt 
MPa 


4.8263 
525158 
622053 
6.8948 
8.6184 
10.3421 
12.0658 
13-7895 
1525132 
17223569 
18.9606 
20.6843 
22.4080 
24.1516 
2528553 
2725790 
293027 
3120264 
3227501 
3424738 
26895 
1.3790 
26/579 
324474 
4.1369 
4.8263 
525158 
6.2053 
6.8948 
8.6184 
10.3421 
12.0658 
13-7895 
1525132 
1722369 
18.9606 
20.6845 
2224080 
24-1316 
2528555 
2725790 
29 635027 
3120264 
3227501 
34.4738 


Peale 


MPa 


4.8276 
525162 
6.1996 
6.8821 
8.6364 
10.3319 
12.0166 
13-6656 
1523520 
17.0509 
18.7600 
20.4334 
21-9279 
23.5226 
25.0203 
26/061 
28 4465 
3022149 
3128635 
33.5694 
26879 
1.3805 
2.7651 
324548 
4.1465 
4.8392 
55236 
62065 
6.8841 
8.5723 
10-3010 
1220532 
13-7485 
15-5963 
17.0903 
18.7576 
2024748 
2222140 
2329722 
2546823 
27.4081 
29.1637 
30.9597 
32-6681 
34.3225 


Pressure 
Ditties 
g 


=.03 
-.01 
209 
218 
—e21 
210 
04] 
091 
1.05 
1.09 
1.07 
1.23 
2.19 
2259 
3234 
3227 
3-01 
2-69 
2.78 
3231 
222 
~e 11 
~e 19 
-.21 
-25 
-.26 
-.14 
-.02 
e15 
054 
240 
210 
250 
2/6 
286 
1.08 
1.02 
08/7 
067 
067 
262 
048 
022 
025 
244 
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Data sources and |D numbers: 


(XXXX) Haynes. 
Data Weight 
Point 

NO. 

652 2000 
653 2000 
654 2000 
655 2000 
656 2000 
657 2 000 
658 2000 
659 2000 
660 2000 
661 2000 
662 2000 
663 2000 
664 2000 
665 2000 
666 2000 
667 2000 
668 2000 
669 2000 
670 2000 
671 2000 
672 2000 
673 2000 
674 2000 
675 2000 
676 2000 
677 2000 
678 2000 
679 2000 
680 2000 
68 1 2000 
682 2000 


Tempe 
K 


270-000 
280.000 
290-000 
300.000 
310.000 
320.000 
330-000 
340.000 
350-000 
360.000 
370-000 
380.000 
390.000 
400.000 
410.000 
420.000 
430.000 
440.000 
450.000 
460.000 
470.000 
480.000 
490.000 
500-000 
510.000 
520.000 
530-000 
540.000 
550.000 
560 000 
570-000 


fable 7. 


(Continued) 


(1)Virial Equation, (2)Beattie, (3)Morris, (4)Sage, (10)Waxman, 


Density 
expt 
mol/L kg/m? 
2050 2.91 
2050 2291 
050 2-91 
2050 2.91 
2050 2.91 
2050 2.91 
2050 2.91 
2050 2.91 
2050 2.91 
2050 2.91 
2050 2.91 
2050 2091 
2050 291 
2050 2.91 
2050 2.91 
2050 2-91 
2050 2.91 
2050 2.91 
2050 2-91 
2050 2.91 
2050 2.91 
2050 2.91 
2050 2.91 
2050 2.91 
2050 2.91 
2050 2.91 
2050 2.91 
2050 2.91 
2050 2.91 
2050 2.91 
2050 2.91 


Density 


calc 
kg/m 


77 


2.91 
2.91 
2291 
2291 
2.92 
2.92 
2.92 
2292 
2.92 
292 
2292 
2292 
2292 
2292 
2292 
2292 
2292 
2-92 
2292 
2.92 
2292 
2292 
2292 
2292 
2292 
292 
2292 
2292 
2292 
2292 
2292 


Density 
Diffie 
tf 


Pp 


-.01 
7 @) 11 
-.19 
-.26 
-52 
-.5/ 
-.41 
-.45 - 
-.48 
-.50 
252 
-.55 
-.54 
Se) 
-.56 
-.56 
-.56 
-.5/ 
-.5/ 
-.56 
-.56 
-. 56 
oo) 
-.55 
-.55 
-.54 
055 
-255 
52 
-.52 
-.51 


Pexpt 


MPa 


21072 
21116 
e 1160 
2 1204 
2 1248 
21291 
e 1334 
21377 
° 1420 
e 1463 
° 1506 
2 1549 
2 1592 
2 1634 
2 1677 
01719 
21762 
» 1804 
2 1847 
° 1889 
21931 
21974 
22016 
22058 
2100 
02145 
02185 
2227 
22269 
02511 
02553 


Peale 


MPa 


° 1072 
e1115 
21158 
21201 
2 1244 
° 1286 
e 1329 
21371 
01414 
° 1456 
» 1499 
2 1541 
e 1583 
2 1625 
2 1668 
° 1710 
01752 
2 1794 
e 1836 
21879 
21921 
2 1963 
22005 
22047 
e 2089 
22131 
02173 
22215 
°2257 
22299 
22541 


Pressure 
Diff. 


% 


001 
210 
218 
e25 
051 
° 36 
240 
044 
046 
049 
231 
052 
053 
004 
0595 
Pe) 
256 
256 
256 
2 56 
Pp) 
095 
Pp) 
0D4 
D4 
005 
GOS) 
032 
052 
251 
051 


Tempe 
K 


50-00 
100.00 
150.00 
200.00 
27315 
298.15 
300.00 
400.00 
500.00 
600.00 
70000 
800.00 
900.00 
1000.00 
1100.00 
1200.00 


Table 8. Comparisons of data for ideal gas functions with eq (7). 


Isobutane ideal gas functions from Chen, et al. [7] 


Ho-H8, J/mol 
expt. Gallic. 
1674.4 1660.5 
3699.1 3704.2 
6398.4 6399.35 
97027 9704.5 
1560325 1560367 
1793620 17935.7 
18115.0 18115.0 
292010 29201.8 
4291362 42909.0 
58924. 1 5891662 
7688120 768794 
9649624 965038 
1175394 117549.7 
13982561 139824.3 
163182.7 16351 7167 
18747627 187463-9 


Diff. 


SF) Amo link) 


expt. 


194.012 
221.585 
243.258 
2626211 

287.190 
295-390 
295.2976 
3272691 

358.192 
3872513 
414.927 
441.119 
465.888 
489.361 

511.620 
532.749 
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calc. 


193.782 
221.608 
243.283 
2622221 
2872212 
722) OST 
295.976 
327.2683 
358. 166 
3587-292 
414.947 
441.129 
465.2902 
489.360 
511-605 
532-136 


Diff. 
é 


212 
-.01 
-.01 
-.00 
-.01 

200 
-.00 

200 

201 

001 
-.00 
-.00 
-.00 

200 

200 

200 


Co» J/ (mol K) 


expt. 


34.81 
47.28 
6029 
71284 
89.91 
96.65 
97215 
124.43 
149.24 
170.37 
188.28 
203.64 
216.94 
228.245 
238249 
247.215 


calc. 


34.80 
47.28 
60-30 
71.82 
89.93 
96.67 
97217 
124.40 
149.17 
170.39 
188.38 
203671 
21689 
228.254 
238 - 39 
247.28 


Table 9. 


E°-E8 
J/mo | 


3275.8 

370526 
4162.0 
4644.5 

5152.1 

5683.8 
6239.0 
6817.2 
7418.0 
8041.6 
8688.1 
9358. | 
10051.9 
1077022 
115134 
12282. 1 
13076.8 
13897.9 
14745.8 
15620.7 
16522.9 
17452 .6 
18409.8 
19394.5 
20406.8 
21446.4 
2251324 
2360724 
2472824 
2587620 
270500 
2825022 
294761 
30727.5 
32004. 1 
3330565 
346313 
35981.2 
3735428 
3875128 
40171.7 
41614.4 
43079.3 
44566.1 
46074.4 
47604.0 
49154.4 
5072524 
5231625 
5392725 
5555729 
572076 
58876 .2 
605633 
62268.7 
639920 
657330 
6749124 
69266.9 
71059235 


Interpolated 


O_O 
H°-H° 
J/mo| 


4190.4 
470363 

5242.9 

5808.5 
6399.3 
7014.2 
7652.5 
8313.8 
8997.7 
9704.5 
10434.2 
11187.3 
11964.2 
1276526 
13592.0 
14443.8 
1532127 
16225.9 
171570 
18115.0 
19100.4 
201132 
2115326 
2222124 
2331628 
24439.6 
2558947 
2676629 
27971.20 
29201.8 
30459 .0 
31742.3 
3305124 
3438529 
3574526 
371301 
385391 
399721 
41428.9 
42909.0 
44412.1 
4593729 
47485.9 
49055.9 
50647.4 
52260. | 
53893. 7 
555478 
57222. 
589162 
60629.8 
62362 .6 
64114.35 
65884 .6 
67673. 1 
69479.6 
71350367 
7314563 
75004.0 
7687924 


ideal gas functions from eq (7). 


se 
J/(mol eK) 


2262239 
230.700 
235-2018 
239.208 
243-285 
2472251 
2512120 
254.899 
258.596 
262.221 
265-780 
269.283 
272.1357 
276.147 
279.520 
282.861 
286.173 
289.462 
292.728 
295.976 
299.207 
302.422 
305-623 
308.811 
311.986 
315.149 
318.300 
3212439 
324.567 
327.2683 
330-787 
333-2879 
336.959 
340.027 
343.083 
346. 126 
349.156 
352.173 
355.176 
358.166 
361.143 
364.106 
367.054 
369.989 
372-909 
375-815 
378.4706 
381.583 
384 445 
387.292 
390.125 
392.942 
395.745 
398.533 
401.306 
404.064 
406.807 
409.535 
412.248 
414.947 
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Cy 


J7(mo! eK) 


41.64 
44.32 
46.96 
49.52 
51.98 
54.36 
56-67 
58.95 
61222 
63-50 
65-82 
68. 18 
70.59 
73-06 
Vaoo") 
78.16 
80.78 
83.44 
86.14 
88.86 
91.59 
94.34 
97.10 
99.85 
102.60 
105.33 
108.05 
110.75 
113243 
116.09 
118.71 
121.31 
123.87 
126.40 
128.90 
131.36 
133279 
136.18 
138.54 
140.85 
143.14 
145.38 
147.59 
149.76 
151.90 
154.01 
156-07 
158.11 
160.11 
162.08 
164.01 
165.92 
167.79 
169.63 
171-44 
17322 
174.98 
176.70 
178.40 
180.07 


fe) 
Cp 
J/(mol eK) 


49.95 
52-63 
Dei 
57283 
60.30 
62.67 
64.99 
67.26 
69.53 
71 82 
74.13 
76250 
78.91 
81.38 
83.90 
86.48 
89.10 
912/76 
94.45 
97.17 
99.9] 
102.66 
105.41 
108. 16 
110.91 
113.65 
116.37 
119.07 
121.75 
124.40 
127.03 
129.62 
132.19 
134.72 
137.22 
139.68 
142.11 
144.50 
146.85 
149.17 
151.45 
153-70 
155.91 
158.08 
160.22 
162.32 
164.39 
166.42 
168.42 
170.39 
172.33 
174.23 
176.10 
177.94 
179.76 
181.54 
183.29 
185.01 
186.71 
188.38 


Table 10. Comparisons of heat of vaporization data with eg (9). 
(1)Aston, (2)Dana, (3)Das/Kuloor, 


Data sources and 


1D numbers: 


(4) Das/Reed/Eubank, (5)Hanson, (6)Sage, (80)Thermal Loops, 


(41)Clapeyron. 
Weight 


1.000 

1.000 
0998 
2996 
0995 
2993 
0991 
2989 
0987 
2985 
0983 
2981 
0979 
0977 
0974 
972 
2969 
2966 
09635 
2960 
0957 
0954 
2950 
0947 
09435 
29359 
0935 
29350 
0925 
°920 
0915 

1.000 
2996 
0992 
0988 
2984 
2979 
0974 
2968 
2962 
0956 
2949 
0941 
2932 
0922 
2912 
2899 
2886 
2870 
2851 
0830 
2805 
2/715 
2/38 
0692 
2053 
2556 
0451 
2305 
0112 
2000 


Tempe 
K 


113.550 
115-000 
120.000 
125.000 
130.000 
135-000 
140.000 
145.900 
150.000 
155-000 
160.000 
165-000 
170.000 
175.000 
180.000 
185.000 
190.900 
195.000 
200.000 
205.000 
210.000 
2152000 
220.000 
225-2000 
230.000 
235-2000 
240.000 
245.2000 
250900 
255-2000 
260-000 
115.000 
125.000 
135.000 
145.000 
155.000 
165.000 
175-000 
185.000 
195.000 
205-000 
2152000 
225 «000 
235-2000 
245.000 
2552000 
265 000 
275-2000 
285.2000 
295-000 
305.900 
315.2000 
325.000 
335-000 
345.000 
355-2000 
365.000 
375.2000 
385.900 
395-000 
405.000 


Heat of Vaporization 


expt. 


28.161 
28.091 
27.851 
27.614 
27380 
27.2148 
26 «920 
262693 
26 «468 
262245 
26-024 
25-803 
252583 
252564 
25.2145 
24.926 
24.707 
24.486 
24.265 
24.042 
23.817 
232590 
23-360 
232127 
22.89 1 
22.651 
22.2406 
22.157 
21-902 
212642 
212375 
28 -008 
27-580 
272145 
262707 
262267 
254827 
252387 
24.946 
24-500 
24 2046 
23.580 
23 2099 
22.601 
22.086 
212554 
21.005 
20.2440 
19.859 
19.255 
18.622 
17.948 
17.218 
16.413 
152515 
14.500 
132341 
11.990 
10.351 
8.204 
4.585 


80 


kJ/mo | 


calc. 


28-117 
28.051 
27.825 
27.600 
272376 
27.153 
26.931 
26.709 
26.488 
26-267 
26.046 
252825 
25.2604 
25.3582 
25-160 
24.937 
24.713 
24.488 
24.261 
24.0353 
23 802 
232570 
LEGO D ES 
23.098 
22.858 
222614 
222567 
22.117 
21.862 
212602 
212338 
28.051 
27.600 
27.2153 
26.709 
262267 
252825 
25.582 
24.937 
24.488 
24.033 
232570 
23.098 
222614 
222117 
21.602 
21.068 
20-510 
19.926 
19.309 
18.654 
17.2954 
17.200 
162380 
152478 
14.473 
13.329 
11.993 
10.358 
8.178 
4.346 


219 
209 
-.03 
-.07 


5251 
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Data sources and 


Table 10. 


1D numbers: 


(1)Aston, (2)Dana, (3)Das/Kuloor, 


(Continued). 


(4)Das/Reed/Eubank, (5)Hanson, (6)Sage, (80)Thermal Loops, 


(41)Clapeyron. 
Weight 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0-000 
0.000 
0.000 
0.000 
0.000 
0.000 
0-000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0-000 
0.000 
0-000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


Tempe 
K 


244.261 
2552572 
261.320 
261.2520 
261.440 
26624835 
270-000 
270-2000 
270-000 
2772594 
280.000 
280-000 
280.000 
288.706 
290.000 
290-000 
290-000 
290-000 
299.817 
300-000 
300.000 
300-000 
300.000 
310.000 
310.000 
310.000 
310.000 
310.928 
320.000 
320.000 
320.000 
320-000 
322.039 
3302000 
330.000 
330.000 
330-000 
333.2150 
340.000 
340.000 
340-000 
344.261 
350-000 
350.000 
350-000 
355372 
360-000 
360.000 
360.000 
366 6483 
370.000 
370.000 
370.000 
3772594 
380-000 
380.000 
380-000 
385.000 
385-2000 
388. 706 
390.000 
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Heat of Vaporization 


expt. 


22.157 
21.2590 
21.297 
21.297 
21.295 
20.996 
20.832 
20.820 
20. 769 
20.347 
20.246 
206251 
20. 154 
19.685 
19.627 
19.627 
19.535 
19.573 
18.996 
18.970 
18.970 
18.916 
19.029 
18.292 
18.234 
18.292 
18.580 
18.226 
17.405 
17.2502 
17.619 
17.2631 
17.361 
162535 
16.698 
16.857 
16.815 
16.415 
15.807 
16.008 
152933 
15.402 
14.857 
15.046 
14.954 
14.294 
13-782 
13.2929 
13-811 
12.984 
12.514 
12.615 
12.539 
11.335 
10.950 
10.979 
10.908 
10.067 
9.891 
92255 
8.970 


kJ/mo| 


calc. 


22.154 
21.2583 
21.267 
21.267 
21.261 
20.987 
20.792 
202792 
202792 
202562 
20.222 
20222 
20.222 
19.701 
19.621 
19.621 
19.621 
19.621 
18.998 
18.986 
18.986 
18.986 
18.986 
18.310 
18.2310 
18.310 
18.510 
18.245 
17.584 
17.584 
17.584 
17.584 
17.429 
16.799 
16.799 
16.799 
16.799 
162537 
15.940 
15.940 
15-940 
15-548 
14.990 
14.990 
14.990 
14.433 
132921 
13.921 
132921 
132145 
12.690 
12.690 
12.690 
11.603 
11.223 
11.223 
11.2223 
10.358 
10.358 
92637 
9.564 


Data sources and 


Table 10. 


ID numbers: 


(1)Aston, (2)Dana, (3)Das/Kuloor, 


(Continued). 


(4)Das/Reed/Eubank, (5)Hanson, (6)Sage, (80)Thermal 


(41)Clapeyron. 
1D Weight 


0.000 
0.000 
0.900 
0.000 
0.000 
0.000 
0.000 


WPWNWOP OL 


Number of data points used 


Temp. 
K 


390.000 
390.000 
395 000 
399.817 
400.000 
400.000 
405.372 
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Loops, 


Heat of Vaporization 


expt. 


9.017 
8.778 
72807 
62577 
66276 
62397 
3.891 


kJ/mo | 


Callicis 


9.364 
9.364 
8.178 
6.725 
6.661 
6.661 
4.095 


in fit = 61; rms deviation = 0.132%. 


Table 11. Enthalpies of saturated liquid isobutane from 


eq (10). 

Temp. H | Hg (eq (10)) Diff. 
K J/nol J/mo | g 
S055 .0 .0 0.000 
120.00 625.9 625.9 -.002 
130.00 1614.4 1614.6 -.012 
140.00 2625.3 2625.5 -.005 
150.00 3659.0 3658.8 004 
160.00 4715.4 4715.1 -006 
170.00 5794.8 5794.6 004 
180.00 6897.5 6897.5 -.000 
190.00 8023.7 8024.0 -.003 
200.00 9173.5 9173.9 -.004 
210.00 10346.9 10347.2 -.003 
220.00 11543.9 11544.0 -.001 
230.00 12764 .9 12764.6 -002 
240.00 14009.8 14009.5 -003 
250.00 15279.8 15279.3 .003 
260.00 16575.6 1657523 002 
270.00 17898.7 17898.8 -.000 
280.00 19250.8 19251.3 -.003 
290.00 20634.1 20634.8 -.003 
300.00 220506 22051 2 -.003 
310.00 23502.7 23502.7 -000 
320.00 249924 24991.7 .003 
330.00 26522.3 26521.3 -004 
340.00 280962 28095.5 -003 
350.00 29719.8 29720.2 -.001 
360.00 31403.7 31405.0 -.004 
370.00 33166.3 3316761 -.003 
380.00 35039.9 35039. 1 -002 
390.00 37093.8 37092.5 -003 
400.00 39541.5 39542.5 -.002 
407.85 43430.1 43430.1 0.000 


Number of points = 29; rms deviation = 0.004%. 


1 Derived from ideal gas functions, the equation of state, and the formulated 
heats of vaporization. 
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Table 12. Entropies and specific heats of saturated liquid 
isobutane from eq (11). 


Temp. Sol Sg (eq (11)) Diff. ey 
K J/(moleK) J/(mol eK) (3 J/(mol eK) 

113.55 108.800 108.800 0.000 96.65 
120.00 114.179 114.177 002 97.99 
130.00 122.103 122.103 009 100.10 
140.00 129.598 129.600 -.001 102.26 
150.00 136.730 136.731 -.001 104.49 
160.00 143.547 143.547 -.000 106.77 
170.00 150.090 150.089 000 109.08 
180.00 156.390 156.389 000 111.40 
190.00 162.476 162.475 -000 113.74 
200.00 168.369 168.369 000 116.08 
210.00 174.089 174.089 -.000 118.43 
220.00 179.653 179.653 -.000 120.79 
23000 185.075 185.075 -.000 123.19 
240.00 190.370 190.370 000 125.64 
250.00 195.550 195.549 000 128.16 
260.00 200.626 200.626 -.000 130.76 
27000 205.611 205.612 -.000 133.48 
280.00 210-516 210.517 -.000 136.31 
29000 2152351 215.351 -.000 139.27 
300.00 2202125 220.125 © -.000 142.38 
310.00 224.847 224.847 000 145.66 
320.00 229.527 229.525 -001 149.13 
330.00 234.173 234.171 001 152.89 
340.00 238 796 238796 -.000 157.05 
350.00 243.414 243.416 -.001 161.90 
360.00 248.056 248.058 -.001 167.95 
370.00 2522766 2526766 000 176.21 
380.00 2572623 257.620 001 188.94 
390.00 262.792 262.793 -.000 21225 
400.00 268781 268.781 -.000 273.72 
407.85 278.161 278.161 0.000 = 


Number of points = 29; rms deviation = 0.001%. 


1 Derived from ideal gas functions, equation of state, and formulated heats 
of vaporization. 
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Table 14. Comparisons with saturated liquid specific heats. 


Data sources and ID numbers: (1)Aston, (2)Parks, (6)Dana. 


ID Temp. Cg, J/(mol+K) Dichhs 
K expt calc % 
1 116-940 99.90 97.35 2.61 
1 123.110 100.94 98.64 2.34 
1 129.430 101.36 99.97 1.39 
1 135.800 102.53 101.34 1.17 
1 142.840 103-58 102.89 267 
1 150.130 104.88 104.52 234 
1 158.4608 106.59 106.41 - 16 
1 1652220 108.22 107.97 225 
1 168.700 108.51 108.78 -.24 
1 174.2450 109.56 110.11 =O 
1 180.310 isa 111.48 =.55 
1 185.870 112.11 112.77 —.59 
1 190.990 113.07 113.97 -./9 
1 196.100 113.87 Uae 7/ -1.13 
1 201.520 114.96 116.44 -1.27 
1 206-560 115.50 117.62 -1.80 
1 211.630 116.55 118.81 = 6911 
1 216.780 118.51 120.03 -1.26 
1 222.270 119.10 121.35 -1.84 
1 227-310 120.73 122.54 -1.48 
1 232.890 122.19 123.89 —1.57 
1 238.570 124.12 125.229 —.95 
1 245.040 125.79 126.90 -.8/7 
1 251.2940 127.59 128.66 — 85 
1 257.2020 128.26 129.98 =1.52 
2 115.400 99.33 97.04 2-36 
2 122.100 100.23 98.45 1.85 
2 136-500 103.07 101.50 1.55 
2 142.800 103.83 102.88 292 
2 154.600 105.65 105.53 11 
2 160.800 107.04 106.95 208 
2 171.500 108.71 109.43 —.65 
2 177-300 110.10 110.77 -.61 
2 187-800 111.90 1S 325 =1.17 
2 193.500 113.41 114.56 -1.01 
2 202.700 115.08 116.71 -1.40 
2 208.500 116.20 118.08 -1.59 
WA 214.300 117.30 119.44 -1.80 
2 225.000 119.56 121.99 -1.99 
2 230.600 120.92 123.54 -1.96 
2 240.200 123.16 125.69 -2.02 
2 245.400 124.66 126.99 -1.85 
2 255-000 127.19 128.93 =H 655 
2 258-300 128.46 130.31 -1.43 
6 259.390 120.12 130.60 -8.03 
6 260.620 129.36 130.93 -1.20 
6 265-580 125.47 132.21 -5.10 
6 270.560 126.20 133.63 5.57 
6 270.840 132.52 ISSovil - 89 
6 275.750 136.41 135.09 98 
6 280.250 141.27 136.38 3259 
6 280.560 143.22 136247 4.94 
6 285-890 152.70 138.04 10.62 
6 289.790 1DD 15 139.21 11.44 
6 290.650 150.02 139.47 WeDi/ 


Number of data points = 55; rms deviation = 3.15%. 
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Table 15. Comparisons with C, and Cy data. 


Cp data of Ernst [16] 


Pressure Tempe Density Cp, J/(mol*K) 

MPa K kg/m3 expt calc 
0.0000 293.150 0.90000 95.21 95.51 
0.0000 313-150 0.0000 100.67 100.77 
0.0000 355-150 0.0000 106.37 106.28 
0.0000 353.150 0.0000 111.74 Wlvar7/ 

0490 2935-150 1.1904 96.09 95.94 

20490 3132150 1.1114 101.36 101.28 

20490 333-150 1.0424 106.83 106.69 

0490 353.150 9817 112.10 112.12 

20981 293.150 224181 97.06 96.71 

20981 3132150 202514 102.11 101.84 

29981 335.150 221074 107.32 107.13 

0981 353-150 1.9815 112.48 112.47 

- 1961 293.2150 4.9842 99.18 98.73 

1961 313-150 4.6126 103.68 103.21 

1961 335-150 4.2991 108.34 108.13 

- 1961 353-150 4.0293 113.42 113.25 

2 5432 313.2150 8.3751 106.58 106.94 

25432 333.2150 727449 110.58 110.03 

25432 353-2150 762193 115.06 114.64 

4903 313-150 1224725 110.57 110.41 

24903 333.150 1124118 113.17 112.58 

24903 353-2150 10.5655 116.88 116.36 

06374 333.150 15.3603 116.51 116.207 

26374 3532150 14.0979 119.20 118.53 

2/845 353-150 17.8596 121.83 121.29 


Number of data points of Ernst [16] = 25; rms deviation = 0.32%. 


CB data of Dailey [11] 


Temp. CB, J/(molek) 

K expt calc 
347.60 109.66 UOG72) 
359.40 112.55 113.48 
387.50 119.62 121.08 
452.50 137203 137.84 
5612/0 161.29 162.67 
605.30 169.70 171242 
692.70 185.18 187.17 


Number of data points of Dailey [11] = 7; rms deviation = 0.90%. 
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Table 15. 


(Continued). 


Cp data of Sage, et al. [51] 


P = 0.101325 MPa (1 atm) 


Temp. Cp, J/(mol °K) 
K expt calc 
294.261 94.553 97.042 
310.928 96.985 101.302 
3272594 99.611 105.683 
344.261 102.432 110.122 
360.928 105-351 114.573 
377.2594 108.415 119.006 
394.261 111.722 123.396 
410.928 115.127 127.725 
427.594 118.702 131.982 
444,261 122.326 136.155 
Number of data points of Sage, et al. [51] = 10; rms deviation = 
Cp data of Wacker [61] 
Temp. Pressure Density Cp, J/(mol eK) 

K MPa kg/m expt calc 
243.19 01200 25476 82.72 82.45 
243.18 0012553 25632 82./6 82.47 
243.10 201213 05517 82.76 82.44 
243.20 202400 » 7003 83627 82.80 
243.16 002373 26925 83.28 82.78 
243.15 202386 6965 83.25 82.78 
243.09 202400 7006 83.10 82.77 
243.212 202346 26847 83.16 82.76 
243.219 002373 26924 83.27 82.79 
243.16 202400 2/7004 83.21 82.79 
243.08 002346 26849 83.09 82.75 
243.16 03106 29104 83.435 83.02 
243.24 203040 28902 8352 83.02 
243.24 203026 28862 83.41 83.01 
273-26 202520 26522 90.58 90.36 
273224 02520 06523 90.63 90.55 
273.209 05040 1.35188 91.26 90.79 
ZIV 05200 1.3614 91.27 90.83 
273.209 205040 1.3188 91.19 90.79 
273-202 205200 1.5620 91.17 90.80 
27321 205066 1.32553 91.15 90.82 
2735-07 205200 1.35617 91.19 90.82 
312.93 202453 25925 101.04 100.96 
312.98 02520 25676 101.06 100.98 
313.38 205186 1.1755 101.46 101.37 
313.37 205200 1.1786 101.50 101.37 
313.19 205150 1.1701 101.45 101.31 
313.19 205200 1.1793 101.40 101.32 
313.48 05150 1.1690 101.55 101.39 
313216 205200 1.1794 101.42 101.31 
352.87 202466 04917 111.79 111.87 
352.80 202553 ©5051 111.88 111.86 
352.79 005213 1.0454 111.98 112.04 
352.280 205213 1.0454 112.01 112.05 
353245 05160 1.0326 112.25 112.22 
352.88 05226 1.0478 112.10 112.07 
352.87 005213 1.0451 112.03 112.06 
Number of data points of Wacker [61] = 37; rms deviation = 0.36%. 
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Diff. 
é 


-2.63 
4.45 
-6.10 
-7.51 
-8./5 
-9.77 
-10.45 
-10.94 
-11.19 
-11.31 


880%. 


Table 15. (Continued). 


Cp data of Sage and Lacey [50] 


Temp. Pressure Density Cp, J/(molek) Diff. 
K MPa kg/m3 expt calc % 
294-261 0.0000 0.000 93.58 95.61 -2.12 
310.928 9.0000 0.000 95.96 100.16 -4.19 
327.594 0.0000 0.000 98.59 104.75 -5./9 
344.261 9.0000 0.000 101.41 109.34 -7.25 
360.928 0.9000 0.000 104.40 113.90 -8.34 
377.594 0.0000 0.000 107.47 118.42 -9.25 
394.261 0.0000 0.000 110.77 122.88 -9.85 
294.261 1013 2.491 94.75 97.04 -2.36 
310.928 21013 2.346 97.16 101.30 -4.09 
327.594 21013 2.218 99.6] 105.68 =5./5 
344.261 1013 2-104 102.43 WOciZ -6.98 
360.928 1013 2.002 105.35 114057 -8.05 
377.594 21013 1.910 108.41 119.01 -8.90 
394.261 1013 1.826 Unies 74 123.40 -9.46 
294.261 21379 SeA27 95.84 97.71 -1.91 
310.928 21379 32223 97.54 101.79 -4.17 
327.594 21379 3.043 100.02 106.07 -5./0 
344.261 21379 2884 102.80 110.43 -6.91 
360.928 21379 22/41 105.72 114.83 -7.94 
3772594 1379 2.613 108.78 119.22 -8./6 
394.261 1379 2.496 112.09 123.58 -9.30 
294.261 2758 72155 101.95 101.22 /2 
310.928 22758 6.673 100.75 104.15 -3.26 
3272594 2758 6.264 102.04 107.80 -5.34 
344.261 22758 5.910 104.38 Heletrewza7 -6.62 
360.928 22758 5-598 1OWe 15 115.91 -7256 
377.594 02758 5.521 110.14 120.11 -8.30 
394.261 22758 5-072 113245 124.33 -8./5 
310.928 04137 10.392 106.10 107.64 -1.42 
327.594 04137 9.680 104.89 110.11 -4.74 
344.261 04137 9.084 106-30 113.45 -6.31 
360.928 04137 8.5/0 108.73 117.20 -7.22 
377.594 04137 8.121 111.63 121.14 -7.86 
394.261 04137 WSV23 114.91 125% U7 -8.20 
3272594 ©5516 13.340 108.71 VNS527 -4.03 
344.261 25516 12.432 108.66 115.58 -5 99 
360.928 05516 11.673 110.46 118-76 -6.99 
377.594 05516 11.021 113.18 122.34 -7.49 
394.261 25516 10.452 116.42 126.13 -7./0 
327.594 26895 172321 114.11 117.81 -3.14 
344.261 26895 15.994 111.50 118.32 -5./6 
360.928 26895 14.928 112.40 120.65 -6 83 
377.2594 26895 14.035 114.84 UZ2307/5) -7.220 
394.261 26895 13.268 118.02 127625 -7225 
344.261 28618 20.837 115.93 123.03 —Del/ 
360.928 28618 19.260 MNS yet 123.263 -6 86 
377.2594 8618 17.991 117.05 125.85 -7.00 
394 261 28618 16.930 120.09 128.81 -6.7/7 
344.261 1.9342 26276 Zi reDZ. 130.22 -6.68 
360.928 1.0342 23.959 118.41 127.58 -7.19 
377.2594 1.0342 22.199 119.46 128 46 -7.01 
394.261 1.0342 20.773 122.28 130.69 -6.44 
360.928 1.2066 29.143 122.06 135-02 -8.24 
3772594 1.2066 26.714 122.08 ISlovZ -7.32 
394.261 1.2066 24.829 124.59 132.92 -6627 
360.928 1.3790 34.990 126.46 141.02 -10.32 
3772594 1.3790 31.612 125-00 135.89 -8.01 
394.261 1.3790 29.138 126.99 135.60 -6.35 
360.928 1.5513 41.820 132.08 154.25 -14.37 
377.594 DI) 36.997 128.28 141.40 -9.28 
394.261 1.5513 33.746 129.52 138.84 -6.71 
377.594 1.7237 43.026 152.00 149.04 -11.43 
394.261 1.7237 38/14 132.22 142.83 -7.43 
3772594 2.0684 58-280 142.02 180.18 -21.18 
394.261 2.0684 50.090 138.38 154.40 -10.38 
394.261 224132 64.501 146.40 176.25 -16.94 


Number of data points of Sage and Lacey [50] = 66; rms deviation = 7.85%. 


os 


Temp. 
K 


349-650 
350.094 
349.983 
349.761 
354.983 
354.817 
554.594 
354.317 
361.2539 
3612872 
362.261 
363.928 
363.928 
364.150 
364.650 
364.706 
3672372 
367.2650 
370.483 
3732039 
3772039 
388.261 
378.761 
383.428 
388.872 
394.761 


Pressure 
MPa 


1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
Wei Z5ii 


Table 16. Comparisons with enthalpy data. 


Enthalpy data of Koppany [35] 


Density 
kg/m 


478.487 
477.683 
477.884 
478.287 
468.521 
468.844 
469.273 
469.807 
455.153 
454.433 
453-587 
449.891 
449.891 
449.388 
448.250 
448.125 
46.868 
46.743 
45.544 
44.570 
43.203 
40.083 
42.663 
41.321 
39.936 
38.607 


expt 


761126 
789525 
8030.7 
7922.6 
8747.3 
8544.5 
8733.7 
8598.5 
9882.9 
9734.2 
9855.9 
10450.7 
10450.7 
10585.9 
11261.9 
1134320 
2392929 
2456563 
2455128 
2561969 
2584947 
2706625 
2522728 
26458. 1 
273504 
2816126 


H, J/mo| 


calc 


8014.7 
8088.0 
8069.6 
8033.0 
8903.6 
887525 
8838.0 
8791.3 
10030.5 
10089.0 
1015724 
10452.7 
10452.7 
10492.3 
10581 .8 
10591.7 
242824 
243271 
2477526 
2517024 
25774.7 
2741722 
2603120 
267168 
2750563 
28349.2 


Number of data points of Koppany [35] = 26; average difference = -91.6 J/mol. 


Diff. 
J/mo| 


-403.1 
-192.5 
-38.9 
-110.5 
-156.4 
-331.0 
-104.3 
= {1920 7/ 
-147.6 
-354.8 
-2.0 
-2.0 
93.6 
680.1 
75125 
—352.5 
238.2 
-225.8 
449.5 
75.20 
-350.8 
-803.2 
-258.7 
-154.9 
-187.6 


Table 17. Calculated P(T) isochores of isobutane. 


!sobutane |sochore at 25 kg/m? 


|sotherm | sochore |sochore 
Temp. Pressure 7 Derivative Derivative Curvature 
MPa MPaem3/kg MPa /K MPa/K2 

337.864 29664 e 79982 °02904 000464 - 0000159 
538 .000 09670 280002 202907 200464 - 0000158 
346-000 1.0037 e81117 203099 200453 ~ 0000115 
354.000 1.0397 082123 003281 000445 -.0000089 
362-000 1.0750 283040 203456 200439 - .0000072 
370-000 1.1099 283882 203625 000434 - -0000060 
378-000 1.1444 °84660 203791 200429 ~ 0000051 
386.000 1.1786 0853582 003953 000425 - 0000044 
394.000 1.2125 °86055 04113 200422 - e0000038 
402.000 122462 086683 204270 2004 19 - 0000034 
410.000 1.2796 87273 004425 200417 - 0000030 
418.000 1.3129 087826 004578 000414 -e 0000027 
426.000 1.3459 288548 204730 200412 - 0000024 
434.000 1.3789 08884 | °04880 000411 - 0000022 
442.000 1.4116 289307 205029 00409 - -0000020 
450.000 1.4443 089748 005177 000407 -»0000018 
458.000 1.4768 290167 005324 200406 - 0000016 
466.000 1.5093 090566 005469 °00405 -e0000015 
474.000 1.25416 090945 005614 200404 - 0000014 
482.000 1.5739 09 1306 005759 200403 - 0000013 
490.000 1.6060 091651 205902 00402 - 0000012 
498.000 1.6381 091981 206045 200401 - 000001 1 
506.000 1.6701 ° 92296 206187 200400 - 0000010 
514.000 1.7021 092598 206329 200399 -» 0000010 
522.000 1.7340 ° 92887 206470 200598 - 0000009 
530-000 1.7658 093165 206611 200398 -- 0000008 
538.000 1.7976 093432 206751 200397 - 0000008 
546.000 1.8293 095688 206891 200396 - 20000007 
554.000 1.8610 093934 207030 200396 ~ 0000007 
562.000 1.8927 094171 207169 200395 - 0000007 
570-000 1.9243 294400 207308 200395 - -0000006 
578.000 1.9558 294620 007446 200394 - 0000006 
586-000 1.9875 294852 207584 200394 - -0000006 
594.000 2.0188 095037 007722 200393 - 0000005 
602.000 2 20503 095235 207859 200393 - 0000005 
610.000 2.0817 295426 07996 200393 - 0000005 
618.000 221131 295611 208153 200392 - 0000005 
626-000 2.1444 295790 008270 200592 - 0000004 
634.000 221/58 295965 208406 200391 - 0000004 
642.000 2.2071 096131 008543 20039 1 - «0000004 
650.000 2.2383 296293 208679 200391 - -0000004 
658-000 22696 096451 208814 20039 | - 0000004 
666.000 25008 296605 208950 200390 ~- 0000004 
674.000 225520 096/51 209085 200590 - 0000003 
682.000 23632 296895 209220 200390 - 0000003 
690.000 225944 297034 009556 200389 - 0000003 
698.000 224255 °97170 09490 200389 - ©0000003 


95 


Table 17. (Continued). 


|sobutane |sochore at 50 kg/m? 


| sotherm |sochore |sochore 
Tempe Pressure 7h Derivative Derivative Curvature 
K MPa MPa»m3/kg MPa/K MPa /K2 

367.788 1.7955 68172 201998 01082 -.0000575 
370.000 1.8171 68664 02067 201070 -. 0000505 
378.000 1.9013 7/0525 202304 201037 - 20000353 
386.000 1.9832 2/1834 202524 201012 -. 0000270 
394.000 2.0634 - 73220 202735 00993 -.0000218 
402.000 2. 1421 274502 202939 00977 -.0000181 
419.000 2.2197 75695 03136 00963 -.0000154 
418.000 2.2963 - 76809 03329 200952 -. 0000132 
426.000 Zea 2/7853 003518 200942 -.0000116 
434.000 2.4471 - 78834 203703 00933 -.0000102 
442.000 209215 - 79760 203886 00926 -.0000091 
450.000 225953 280634 04067 200919 -.000008 1 
458.000 2.6685 81462 204245 00915 -.0000073 
466.000 2.7413 282248 204421 00907 -. 0000067 
474.000 Zoi 282994 204595 -00902 -.0000061 
482.000 2.8856 083704 04768 200897 -.0000055 
490.000 229573 - 84381 94940 00893 -.0000051 
498.000 3.0286 285027 205110 00889 -- 0000047 
506.000 3.0996 85645 05279 00886 - 0000043 
514.000 3.1703 286235 205447 09882 -. 0000040 
522.000 3.2407 86801 05614 00879 - 0000037 
530.000 3.35109 287343 205779 290876 -~- 0000035 
538.000 3.3809 87863 005945 -00874 - 0000033 
546.000 324507 88363 206109 00871 -.0000030 
554.000 3.25203 288843 206272 00869 - 0000029 
562.000 3.5897 289305 206435 00867 -. 0000027 
570.000 3.6590 89750 06597 200864 - 0000025 
578.000 3.7281 290179 06759 90862 --0000024 
586.000 32/970 90592 206920 00861 -.0000023 
594.000 3.8658 90991 07080 00859 -- 0000021 
602.000 329344 291376 07240 00857 -.0000020 
610.000 4.0029 091748 07400 00856 -. 0000019 
618.000 4.0713 292108 207558 200854 -.0000018 
626.000 4.1396 092455 007717 2008 53 -.0000018 
634.000 4.2077 292792 007875 200851 -.0000017 
642.000 4.2758 93117 208033 200850 -.0000016 
650.000 4.3437 2 93433 208190 00849 - 20000015 ~ 
658.0090 4.41 16 293739 208347 00848 -.0000015 
666.000 4.4793 2940355 208503 00846 --0000014 
674.000 4.5470 94325 208660 00845 -. 0000013 
682.000 4.6146 294602 08815 00844 -.0000013 
690.900 4.6821 294873 08971 200843 -. 00000 12 
698.000 4.7495 95136 09126 200842 -.0000012 
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Table 17. (Continued). 


|sobutane |sochore at 100 kg/m? 


| sotherm |sochore |sochore 
Temp. Pressure Zh Derivative Derivative Curvature 
K MPa MPaem3/kg MPa/K MPa/K2 

394 .560 2 -9066 251498 00768 002593 - «0002585 
402.000 320941 255806 01040 002463 -.0001245 
410.000 32877 256057 201300 0023583 - -0000820 
418.000 324760 098153 001547 002326 -.0000614 
426.000 3.6603 60066 01786 202283 - 0000489 
434.000 328414 061877 202019 002247 -.-0000405 
442.000 4.0200 263581 002248 002217 - 0000343 
450.000 4.1963 265190 002473 202192 -- 0000297 
458.000 4.3708 266714 02695 02170 - 0000260 
466.000 4.5435 68160 202916 02150 - 0000230 
474.000 4.7148 69536 003134 202133 - ©0000206 
482.000 4.8848 °/0847 003350 002117 -- 0000185 
490 .000 5 0536 - 72099 203565 02103 - ©0000 168 
498 .000 522135 0/5295 003778 °02090 - 0000153 
506-000 5.5881 2 1/4439 203990 202078 - .0000140 
514.000 525539 2/5536 204201 °02068 - 0000129 
522.000 5/189 - 76588 04411 202058 - 20000120 
530.000 5288351 071599 204620 202048 -.0000111 
538-000 620467 e 78570 204828 202040 - ©0000 103 
546.000 622095 2/9504 205035 202032 - 0000096 
554.000 623718 280403 205241 202024 - 0000090 
562.000 6.5334 081269 005447 202017 - 0000085 
5702000 66946 282105 205652 02011 - -0000080 
578-000 628552 082911 005856 °02005 - 0000075 
586-000 720153 283690 206060 01999 - ©000007 | 
594.000 721750 084442 206263 001993 - 0000068 
602-000 7 05342 85169 06465 01988 - 0000064 
610.000 724931 085872 06667 001983 -.0000061 
618.000 726515 286553 - 06869 01978 - ©0000058 
626-000 728096 087212 07070 001974 --0000055 
634.000 729673 087851 07270 01969 - 0000053 
642.000 8.1247 088470 207470 01965 -» 0000051 
650-000 8.2817 89070 07670 01961 - 0000049 
658.000 8.4385 089652 20/7869 001957 - 0000047 
666.000 8.5949 290217 -08068 001954 - 0000045 
674.000 8.7511 °90766 °08266 201950 - 0000043 
682.000 8.9070 091299 08464 001947 - .0000042 
690.000 9.0626 091817 208662 201944 -- 0000040 
698.000 9.2179 292321 208859 201940 - 20000039 
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Table 17. (Continued). 


|sobutane |sochore at 150 kg/m? 


|sotherm |sochore |sochore 
Temp. Pressure Z Derivative Derivative Curvature 
K MPa MPaem3/kg MPa/K MPa /K 2 
404.847 324598 2 59828 00181 204248 -.0009884 
410.000 3.6717 041736 200366 04026 -.0002361 
418.000 3.9880 044464 00624 03896 -.0001185 
426.000 4.2963 47002 00878 2038 18 -.0000810 
434.000 4.5994 49390 01130 003762 -.0000618 
442.000 4.8985 51650 201382 203717 -.0000500 
450-000 5.1944 053796 201634 203681 - 00004 19 
458.000 524875 255840 201887 03650 - 0000360 
466.000 5.1784 25/790 202139 203623 -.0000315 
474.000 6.0672 059654 202592 03599 -.0000279 
482.000 625543 261440 202645 003578 - 0000250 
490.000 6.6397 063152 202898 003559 -.0000226 
498 .000 629238 064795 203151 203542 - -0000206 
506.000 722064 266374 203404 203526 - 0000190 
514.000 724879 267893 °03658 003511 -.0000175 
522.000 7.7682 069356 203911 003498 -.0000163 
530-000 8.0475 e/0765 204164 203485 - 0000152 
538 -000 8.3259 0/2124 204417 003473 -.0000142 
546.000 8.6033 1/3435 04670 03462 -.0000134 
554.000 8.8799 7/4701 204923 003452 -.0000126 
562.000 9.1556 © 15925 005176 003442 - 0000119 
570.000 9.4306 oa OT 005429 03433 -.0000113 
578-000 9.7049 e 1/8252 05682 003424 - 0000108 
586.000 9.9785 2/9359 005934 003416 -.0000103 
594.000 10.2514 280432 -06186 203408 - .0000098 
602-000 10.5237 081471 06438 2003400 - 0000094 
610.000 10.7954 82478 206690 203392 - 0000091 
618.000 11.0665 083455 006942 203385 -.0000087 
626.000 11.3370 © 84402 00/7193 203378 - .0000084 
634.000 11.6070 085522 007444 003372 -.0000081 
642.000 11.8765 286215 ©07695 003365 - 0000079 
650.000 WAG UCSS)S) 08/083 007946 03359 -.0000076 
658.000 12.4140 08/926 -08196 003353 -.0000074 
666.000 12.6820 088745 208446 003347 -. 0000072 
674.000 12.9496 089542 08696 03342 - 0000069 
682.000 13-2167 090317 008946 03336 -.0000068 
690.000 13.4834 ©91071 009195 003331 -.0000066 
698.000 1327497 091805 209444 03526 -.0000064 - 
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Table 17. (Continued). 


|sobutane |sochore at 200 kg/m 


|sotherm |sochore |sochore 
Temp. Pressure Zs Derivative Derivative Curvature 
K MPa MPaem3/kg MPa/K MPa/K 2 

407.736 3.6329 051143 e00006 005794 --0089385 
410.000 3.7609 ° 52062 200073 005603 -.0002601 
418.000 4.2043 055157 200528 205503 - ©0000 733 
426.000 4.6425 258092 200601 005457 - 0000457 
434.000 520778 240895 00884 205426 - 0000340 
442.000 525108 2435580 001174 005401 -.0000275 
450.000 529421 46155 °01469 205381 - ©0000234 
458.000 6.35/19 248629 001769 005364 -e0000205 
466.000 628003 251008 °02073 2005348 - 00000 184 
474.000 722276 0535297 002379 005334 -.0000168 
482.000 726538 255503 202688 005321 - 60000 156 
490.000 8.0790 05/7630 e03000 005309 -.0000146 
498.000 8.5032 2 59682 003313 005298 - 0000138 
506-000 8.9266 °61665 003628 005287 - 0000131 
514.000 9.3492 063577 03944 205277 - 0000125 
522.000 9.7709 065427 204261 205267 - 20000121 
550-000 10.1919 067216 04580 005257 -.0000116 
558.000 10.6121 268946 204899 205248 -.00001 13 
546.000 11.0316 2/0622 °©05220 205239 - 20000110 
554.000 112.4504 2/2244 005541 005231 -.0000107 
562-000 11.8685 2/3816 205862 205222 -e0000105 
570.000 12.2860 075340 006184 005214 -.0000103 
578.000 12.7027 2/6818 06506 05206 - 0000101 
586-000 13-1189 °/8251 206829 005198 -»0000099 
594.000 13253544 2/9642 °07152 05190 - ©0000097 
602.000 13.9493 080993 007475 005182 - 0000096 
610.000 14.3635 282304 007798 005175 - 00000094 
618.000 14.7772 083579 008122 005167 - 0000093 
626.000 15.1903 284817 08445 05160 - 0000092 
634 .000 15-6028 286021 208768 005152 -.000009 1 
642.000 1620147 087192 09092 005145 - 0000090 
650.000 16.4260 °88330 009415 005138 - 0000089 
658-000 16-8368 89439 009738 2005131 - 0000088 
666-000 17.2470 090517 - 10061 005124 -.0000087 
674.000 17.6566 °91567 e 10384 005117 ~- .0000086 
682 000 18.0657 292590 10707 005110 -.0000085 
690.000 18.4743 ° 93586 211030 05104 - .0000084 
698.000 18 8823 094557 211352 205097 - 0000083 
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Table 17. (Continued). 


|sobutane |sochore at 224.36 kg/m? 


|sotherm |sochore | sochore 
Temp. Pressure iL Derivative Derivative Curvature 
K MPa MPaem3/kg MPa/K MPa/Kk2 

407.850 326400 22/808 200000 206351 - 0000000 
410.000 3.77/66 028700 200063 006551 - 0000002 
418.000 4.2846 051938 200342 206351 - 0000011 
426.000 4.1926 055054 200645 206349 - 0000019 
434.000 5 23005 ° 38054 00961 006348 - .0000026 
442.000 58082 040945 001286 206345 - 0000032 
450.000 623158 043731 201619 206343 - .0000038 
458.000 6.8230 046418 001957 206559 -.0000044 
466.000 75300 249011 002301 206336 -.0000049 
474.000 78367 051515 002648 206331 -. 0000053 
482.000 8.3431 053933 202999 206527 - 0000057 
490 .000 8.8490 256270 203352 206522 -.0000061 
498.000 9.35546 038529 203708 206317 -.0000065 
506.000 9.8598 e60715 204067 006312 - 0000068 
514-000 10.3645 262829 204427 206306 - 0000071 
522.000 10.8688 064877 004789 206301 - »0000073 
530-000 1123726 66859 2005152 206295 - 0000076 
538.000 11.8759 68780 005516 206289 -.0000078 
546.000 12.3788 270642 05882 206282 - 0000080 
554.000 12.8811 0/2447 206248 206276 - 0000082 
562-000 13.3829 ° 74198 06615 206269 - 0000083 
570-000 13.8842 0/5896 206983 206262 -.- 0000084 
578-000 14.3849 0/7545 007351 206256 - 0000086 
586.000 14.8851 0/9146 007720 206249 - 0000087 
594.000 15.3847 °80701 208089 206242 --0000088 
602.000 15.8837 082212 008458 206235 - 0000089 
610.000 163822 °83680 208828 206228 - 0000089 
618.000 16.8802 085107 209198 206220 - -0000090 
626.000 eSsuiiD 286495 209568 006213 - 0000091 
634.000 17-8743 087845 009938 206206 - -0000091 
642.000 18-3704 089158 » 10308 206199 - 0000091 
650-000 18.8660 090437 - 10678 206191 - 0000092 
658.000 19.3611 091681 ° 11047 06184 - 0000092 
666.000 19.8555 092895 011417 206177 - 0000092 
674.000 20.3493 294073 211787 206169 - .0000092 
682 -000 20 8426 095223 12156 °06162 --0000092 
690.000 21235352 096344 ° 12525 206154 - .0000092 
698 -000 21.8273 097436 212894 206147 - 0000092 


100 


Tempe 
K 


407.742 
410.000 
418.000 
426.000 
434.000 
442.000 
450.000 
458.000 
466.000 
474.000 
482.000 
490.000 
498 .000 
506.000 
514.000 
522.000 
530-000 
538-000 
546.000 
554.000 
562-000 
579.000 
578.000 
586.000 
594.000 
602-000 
610.000 
618.000 
626-000 
634-000 
642.000 
650-000 
658-000 
666.000 
674-000 
682.000 
690.000 
698.000 


Pressure 


MPa 


3 6532 
327952 
4.3802 
4.9717 
5 e 5668 
6.1644 
62/637 
73645 
79663 
8.5689 
9.1721 
9.7758 
10.3797 
10.9839 
11.5881 
12-1923 
12.7965 
13-4005 
14.0042 
14.6078 
15-2110 
15.8138 
16.4163 
17.0183 
17.6199 
1822210 
18.8216 
19.4216 
20-0211 
20.6201 
2122184 
21.8162 
22.4133 
23.0098 
23-6057 
24.2009 
24.7955 
2525894 


Table 1I7. 


|sobutane |sochore at 250 kg/m? 


224917 
025884 
° 29302 
252655 
055867 
238998 
° 42030 
044963 
047803 
250551 
055211 
055787 
° 38282 
e60700 
°63042 
065313 
067514 
69650 
0/172) 
0/3732 
e 75684 
0/1579 
279420 
°8 1208 
282947 
084636 
°86280 
087878 
289433 
090946 
292419 
093853 
°95249 
°96610 
097935 
099227 
1.00486 
1.01713 
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(Continued). 


|sotherm 
Derivative 


MPaem3/kg 


200009 
200092 
200418 
e00770 
001138 
001517 
201903 
002297 
202696 
°03099 
°03506 
003917 
204331 
004747 
005165 
e05585 
206006 
206429 
206853 
°07278 
207704 
008131 
208558 
°08986 
009414 
009842 
e 10271 
¢ 10700 
°11129 
011557 
e 11986 
e12415 
e 12843 
013272 
e 13700 
° 14128 
e 14555 
° 14982 


|sochore 
Derivative 


MPa/K 


206998 
007235 
007364 
007420 
007456 
007482 
007502 
007517 
007528 
e07537 
007543 
007548 
°07551 
007553 
°07553 
007552 
00755] 
007549 
007546 
007542 
207538 
007533 
007528 
007523 
007517 
007511 
207504 
007497 
07490 
007483 
07476 
207468 
07460 
207452 
007444 
007436 
07428 
07420 


|sochore 
Curvature 
MPa/K 2 


20100265 
20003342 
0000919 
0000545 
20000379 
0000280 
°00002 13 
0000164 
20000125 
°0000094 
20000069 
0000047 
0000029 
°0000013 
- 0000001 
--0000013 
- 0000023 
- 0000033 
- 0000041 
-- 0000049 
- 0000055 
-- 0000061 
- 0000067 
- 0000071 
- -0000076 
- 0000080 
- 0000083 
-. 0000086 
- .0000089 
-. 0000092 
- 0000094 
-e 0000096 
- 0000098 
-- 0000099 
- 0000101 
-.0000102 
- -0000103 
- 0000104 


Table !7. (Continued). 


|sobutane |sochore at 300 kg/m 


|sotherm !sochore |sochore 
Temp. Pressure 7h Derivative Derivative Curvature 
K MPa MPa-m3/kg MPa/K MPa/K2 
405.537 325002 °20112 200297 209563 0018158 
410.000 39285 022527 200602 209748 20004944 
418.000 4.7201 226313 01126 10011 20002329 
426.000 525275 230235 001656 «10162 -0001536 
434.000 6.35448 254067 202195 ° 10267 0001131 
442.000 721695 oo 98 202741 e 10347 20000877 
450.000 729998 241426 203293 e 10409 0000700 
458.000 8.8546 244949 203850 «10460 0000568 
466.000 9.6731 248371 204411 » 10501 20000465 
474.000 10.5146 251691 204975 210535 «0000382 
482.000 11.3585 254913 205543 - 10562 0000314 
490 .000 12.2044 058039 206113 210585 0000257 
498.000 13.0520 ©61073 06685 « 10604 0000208 
506.000 13-9009 064017 207259 - 10618 20000166 
514.000 14.7508 266874 207835 e 10650 0000130 
522.000 15-6017 069647 208412 ° 10639 0000098 
530.000 1624531 2 12339 208990 - 10646 0000070 
538 -000 17235050 074953 209568 210651 0000046 
546.2000 1821572 » 77492 - 10148 - 10653 0000024 
554.000 19.0095 °/9958 -10728 210655 0000004 
562.000 19.8619 282554 - 11308 - 10654 - -00000135 
570-000 202/141 284682 -11888 - 10653 - 0000029 
578.000 21.5662 286945 2 12469 - 10650 - 0000043 
586.000 2224181 089146 213049 - 10646 --0000055 
594.000 2322695 091285 e 13630 - 10641 - 0000067 
602 -000 24.1206 095567 214210 e 10635 - 0000077 
610-000 24.9711 095391 214790 - 10629 - 0000086 
618-000 25.8211 097361 215370 - 10621 - 0000095 
626-000 266705 299279 2 15949 - 10613 - 0000102 
634.000 27-5192 1.01146 216528 - 10605 - 0000109 
642.000 28 3673 1.02963 - 17106 - 10596 - 0000115 
650-000 29.2146 1.04734 - 17684 °10587 -.0000121 
658-000 30.0611 1.06458 e 18261 210577 - 0000126 
666-000 30-9068 1.08139 - 18838 - 10566 - 0000131 
674.000 3127517 1.09776 2 19414 » 10556 - 0000155 
682-000 3225957 1211372 - 19989 210545 -.0000139_ 
690.000 33 4389 1.12928 «20564 210534 - 0000142 
698.000 34.2811 1.14446 021138 210522 -.0000145 


192 


Table 17. (Continued). 


|sobutane |sochore at 350 kg/m? 


|sotherm |sochore |sochore 

Temp. Pressure ZL. Derivative Derivative Curvature 
K MPa MPaem3/kg MPa/K MPa /K 2 
398.439 3.1053 - 15567 001656 2 13388 °0008360 
402.000 3.5867 17821 02057 213628 00005517 
410.000 4.6914 22855 02906 2 13959 ©0003197 
418.000 58172 27/97 003/32 14173 0002241 
426.000 6.9575 52621 004548 14329 000 1696 
434.000 8.10838 05/318 05361 2° 14449 00001336 
442.000 9.2687 041884 206171 214545 20001077 
450.000 10.4356 46319 06981 © 14623 0000879 
458.000 11.6080 © 30623 -07790 © 14687 20000723 
466.000 12.7852 254799 08598 14739 20000596 
474.000 13.9661 258850 209405 e 14783 20000490 
482.000 15.1502 262780 - 10212 214818 0000401 
490.000 16-5368 266593 11018 e 14847 ©0000325 
498.000 17.5256 270290 211824 214871 e0000260 
506.000 18.7160 - 7/3878 e 12629 - 14889 e0000203 
514.000 19.9077 2/7359 215453 214903 ©0000153 
522.000 21.1004 80737 «14236 214914 20000109 
530.900 22.2938 084016 2 15038 214921 e0000070 
538-000 23-4876 08/199 - 15839 e 14925 ©0000035 
546.000 24.6817 90289 e 16639 2 14926 -0000005 
554.000 2528758 293291 17438 2 14926 - .0000023 
562.000 27.0698 96206 © 18235 14923 -.0000048 
570.000 28 «2634 299038 - 19031 ~ 14918 - 0000070 
578.000 29 .4566 1.01791 2 19826 214912 - 0000090 
586.000 30.6493 1.04466 20620 2 14904 -.0000108 
594.000 31-8412 1.07067 021412 214895 -.0000124 
602.000 33.0324 1.09597 222203 14884 - 0000139 
610.900 34.2226 1.12057 222992 14872 -.0000152 
618.000 3524119 1.14450 225780 14860 - .0000 164 
626.000 36.6002 1.16778 224566 214846 -.0000174 
634.000 37./873 1.19045 025351 2 14832 - .0000184 
642.000 38.9733 1.21251 026135 14817 -. 0000193 
650-000 40.1580 1.23399 26916 - 14801 -.0000201 
658.000 41.3414 1.25491 2/696 214785 -.0000208 
666.000 42.5236 1.227529 228475 - 14768 -.0000215 
674.000 43.7043 1.29514 °29252 214750 -. 0000221 
682.000 44.8836 1.31449 250027 ©14733 - 0000226 
690.000 46.0615 1.333534 250801 014714 -.0000231 
698.000 47.2379 ieSol7S silo e 14696 - 0000235 


103 


Table 17. (Continued). 


|sobutane |sochore at 400 kg/m 


| sotherm |sochore |sochore 
Tempe Pressure Z Derivative Derivative Curvature 
K MPa MPasm3/kg MPa/K MPa /K2 
384.746 2 24496 211127 205272 219566 0004687 
386.000 226953 e 12203 205478 219622 0004360 
394.000 4.2773 e 18973 206753 219910 0002995 
402.000 528788 025558 007986 °20117 0002236 
410.000 74947 251947 209193 °20275 0001740 
418.000 9.1219 258139 e 10383 220399 0001384 
426.000 10.7579 044135 e 11560 220499 0001113 
434.000 1224011 049938 °12726 °20579 0000899 
442.000 14.0501 035554 213884 °20643 20000725 
450.000 15-7037 260989 2 15034 220695 -0000580 
458.000 17-3611 266248 216177 220737 0000458 
466.000 19.0214 0/1337 017315 °20769 0000354 
474.000 20 6839 e 76263 - 18446 220794 0000265 
482.000 22.3482 081032 °©19573 220812 0000187 
490.000 24.0137 °85649 220695 220824 0000119 
498.000 2526/99 090121 021812 °2083 1 0000059 
506-000 2723465 294453 222924 220834 0000006 
514.000 29.0132 098649 024032 220852 -.0000041 
522.000 30.6796 1.02717 025137 220827 - 0000083 
530-000 323455 1.06659 226237 220819 -.0000120 
538-000 34.0106 1.10482 0217553 °20808 - 0000154 
546-000 3526747 1.14190 028425 °20795 -.0000183 
554.000 37235376 1.17787 229514 220779 - 0000210 
562-000 38.9992 1.21278 230599 -20761 -. 0000234 
570-000 40.6595 1.24666 °51680 020741 --0000256 
578-000 42.3178 1.27955 052758 20720 - 0000275 
586.000 43.9745 1231149 233832 e20697 - 0000292 
594 .000 45-6294 1234252 054903 e20673 - -0000308 
602.000 4722823 1.37266 255970 220648 - 00003522 
610-000 48 69331 1.40196 e57035 220622 - 0000355 
618-000 50-5817 1.43043 258095 °20595 - 0000346 
626-000 52 2282 1.45812 059153 220567 -- 0000356 
634-000 5328724 1.248504 °40207 020538 - .0000365 
642.000 5505142 1.51123 041258 °20508 - 0000373 
650-000 5721537 1.53671 242506 °20478 - 0000380 
658-000 58-7907 1.56151 043351 020447 - 0000387 - 
666-000 6024252 1.58564 244393 220416 - .0000393 
674.000 62-0572 1.60914 045432 220385 - 0000397 
682.000 63-6867 1.63202 046468 «20353 - 0000402 
690.000 6503137 1265431 e47500 220320 - 0000406 
698 .000 66-9380 1.67602 e48530 220288 - 0000409 
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Table 17. (Continued). 


|sobutane |sochore at 450 kg/m? 


|sotherm |sochore |sochore 
Tempe Pressure UL Derivative Derivative Curvature 
K MPa MPaem3/kg MPa/K MPa/K 2 

363-640 1.6554 07072 212619 228536 20002232 
370.000 3.4745 214588 2 14026 228665 0001776 
378.000 5/128 023725 215758 228787 0001355 
386-000 8.0797 252518 ° 17456 228883 20001039 
394.000 10.3934 40980 219127 228956 20000790 
402.000 12.7121 049125 220775 029010 0000588 
410.000 15.0347 2 56966 222405 229051 0000420 
418.000 1723599 264518 024017 029078 0000278 
426.000 19.6869 71792 °25614 229096 0000157 
434.000 22.0150 2 78802 02/197 029104 0000052 
442.000 24.5433 285559 28768 229104 - 0000039 
450.000 2626715 092075 030326 ° 29098 - 0000119 
458.000 28.9988 2983561 231874 ° 29086 - -0000 189 
466.000 31-5250 1.04427 055411 229068 - 0000250 
474.000 33.6496 1.10283 254939 229046 - 0000305 
482.000 359722 1.15939 056457 229019 - 0000354 
490.000 38 22926 1.21402 25/966 ° 28989 - ©0000397 
498.000 40.6104 1.26683 259467 228956 - 0000435 
506.000 42.9254 1.31787 40960 «28920 - 0000469 
514.000 45.2375 1.36724 042445 28881 - 0000499 
522-000 47.5463 1.41500 2435922 «28840 - 0000526 
530-000 49.8518 1.46122 045392 228797 - 0000550 
538-000 52-1538 1.50596 46855 ° 28752 - 0000571 
546-000 5424521 1.54928 248311 °28 706 - 0000590 
554.000 56/466 1.59125 249761 2 28658 - 0000607 
562-000 59.0373 1.63192 251204 e 28609 - 0000622 
570-000 6123240 1.67134 °52640 228558 - 0000655 
578.000 63 -6066 1.70956 254070 228507 -.0000646 
586.000 65.8851 1.74662 055495 228455 - .0000656 
594 .000 68.1593 1.78258 2569135 028402 - 0000665 
602.000 704294 1.81747 258326 © 28549 - .0000672 
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Table 17. (Continued). 


|sobutane |sochore at 500 kg/m> 


| sotherm | sochore |sochore 
Tempe Pressure Li Derivative Derivative Curvature 
K MPa MPaem3/kg MPa/K MPa/K2 

334.887 29034 203772 225462 41183 -.0000375 
338-000 2.1852 209039 226377 241171 - 0000404 
342.000 328317 » 15665 227544 241154 - e0000442 
346.000 504775 022134 228701 041136 --0000480 
350-000 7.1226 228452 229850 241116 - 0000518 
354.000 8.7668 054625 250990 241094 - 0000555 
358-000 10.4101 40656 032122 41071 - 0000592 
362 6000 1220525 °46550 055247 41047 - -0000627 
366-000 13.6938 252311 254365 241021 --0000662 
370.000 1525341 051944 255475 240994 -.- 0000695 
374.000 16.9733 263452 256579 40966 - 20000727 
378.000 18.6114 268840 05/677 040936 --0000757 
382.000 2022482 74110 258769 40905 - 0000787 
386-000 2128838 °/9266 259855 240873 -.0000815 
390.000 2325180 284312 240935 240840 - -0000842 
394 .000 251509 °89250 e42010 40806 --0000867 
398.000 26-7825 ° 94085 245080 240771 - 0000892 
402.000 28 4126 098818 244144 240734 - 0000915 
406-000 30.0412 1203453 045204 240697 - -0000937 
410.000 31.6683 1.07992 046259 040659 -.0000958 
414.000 33.2940 1.12439 47309 40621 - 0000978 
418.000 34.9180 1.16795 048355 °40581 -.0000997 
422.000 365404 1221063 249596 240541 -.0001015 
426.000 38 61613 1.25246 050435 240500 -.-0001052 
430.000 39.7804 1629346 251466 240458 - 0001047 
434.000 41.3979 1.33365 052495 240416 --0001062 
438.000 43.0137 1237304 053521 240373 - 0001077 
442.000 44.6278 1.41168 254542 240530 - 0001090 
446.000 46.2401 1.44956 255559 240286 - .0001 102 
450.000 47.8507 1.48671 056573 240242 -.0001114 
454.000 49.4595 1.52316 251583 40197 - 0001125 
458.000 51.0665 1.55891 258590 240152 -.0001155 
462.000 52.6716 1.59399 2 595935 240106 -.0001145 
466.000 54.2750 1.62842 060593 240060 -.0001154 
470-000 5508765 1.66220 61589 40014 -.0001 162 
474.000 5724761 1.69535 262582 259967 -.0001170 
478.000 59-0739 1.72790 °©635572 259921 - 0001177 
482.000 60.6697 1.75985 264559 259873 -.0001183 
486.000 62.2637 1.79123 265543 259826 -.0001189 
490.000 63 8558 1.82203 266524 059778 -.0001195 
494.000 6524460 1.85228 67501 2597350 - 0001200 
498.000 6720342 1.88200 268476 259682 -.0001205 
502.000 68.6205 1.91118 269448 2 39634 - 0001209 
506-000 702049 1.95985 2/0417 259585 -.0001212 
510-000 712/874 1.96802 2/1383 259537 -.0001216 
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Table 17. (Continued). 


|sobutane |sochore at 550 kg/m? 


| sotherm |sochore |sochore 

Tempe Pressure Z Derivative Derivative Curvature 
K MPa MPaem3/kg MPa/K MPa/K2 
298.696 25559 eO1515 245889 258797 -.0004 143 
302.000 2. 2964 209665 2047144 2 58663 -. 0003976 
306-000 4.6398 2 19272 48656 258507 - 20003800 
310.000 6.9771 228607 250159 258359 -. 0003647 
314.000 9.5085 25/7680 251654 258215 - 20003515 
318.000 11.6544 046502 253140 258077 -. 0003399 
322.000 13.9548 255084 254618 051943 - 0003299 
326.000 16.2699 063435 - 56088 57813 - 0003210 
330.000 18.5799 2/1563 057550 5/7686 - 200031352 
334.000 20.8848 2/9477 259004 25/5635 -. 0003062 
338-000 23.1849 087186 260450 057441 - 0003001 
342.000 2524802 94697 261889 0573522 -.0002946 
346.000 2727107 1202016 °633520 57206 -.0002897 
350.000 30. 0566 1.09152 064744 257091 -. 0002853 
354.000 32.3380 1.16110 66161 2056977 - 0002813 
358.000 34.6148 1.22896 067571 256865 -.0002777 
362.000 36.8872 1.29517 68974 056755 - 0002744 
366.000 39.1552 1.35978 -/0370 256646 -.0002714 
370-000 41.4189 1.42284 -/1769 256538 - 0002687 
374.000 43.6783 1.48441 0/3143 256431 -. 0002662 
378.000 45.9334 1.54453 e 74520 256325 - 0002638 
382.000 48.1843 1.60325 2 75891 256220 - 0002616 
386.000 50.4310 1.66062 2/7256 056116 - 0002596 
390.000 52.67/55 1.71667 - 78615 2 256012 -.0002577 
394.000 54.9120 1.77145 - 7/9968 © 55909 -.0002559 
398.000 57-1463 1.82500 081316 255807 -- 0002542 
402.000 59.5766 1.87736 282658 255706 - 0002526 
406.000 61.6028 1.92856 285995 055605 -.0002511 
410.000 63.8250 1.97864 2085526 295505 - 0002496 
414.000 66.0432 202762 286652 255406 -.0002482 
418.000 68.25/74 2207555 087972 255507 -.0002468 
422.000 704677 2.12245 289288 255208 -.0002454 


Isobutane !sochore at 600 kg/m? 


255.190 - 0804 200566 -/6165 285395 -.0010718 
258.000 1.9207 208674 2/1231 085162 -.0010375 
262.000 522590 225298 SUSY 282758 - 0009812 
266.000 8.5417 251414 281076 ° 82376 - 20009313 
270-000 11.8294 251047 282988 ° 82013 - 0008869 
274.000 1521029 264221 2848935 28 1666 -- 0008473 
278.000 18.5629 e /6960 86/789 281534 -.0008118 
282.000 21.6098 289284 288678 281016 - 0007799 
286-000 24.8443 1.01212 290559 280710 - 0007511 
290.000 28.0668 1.12762 092431 280415 -. 0007251 
294.000 31.2776 1.23955 294294 280130 - 0007015 
298.000 34.4772 1.34799 296149 2 19853 -- 0006800 
302.000 37-6660 1245316 097995 2/9585 - -0006604 
306.000 40.8442 1.55517 099833 e 1/9325 -. 0006425 
310.000 44.0121 1.65417 1.01662 2/9071 - 0006260 
314.000 47.1699 1.75027 1.03482 2 18824 -. 0006108 
318.000 50-3180 1.84560 1.05294 e 7/8582 - 0005968 
322.000 53-4566 1.93426 1.07097 2/8346 - 0005838 
326-000 5625858 202237 1.08892 2/8115 - 0005718 
330.000 59-7059 2- 10801 1.10679 e//889 - 0005605 
334.000 62.8170 2.19129 1.12457 °/7667 - 0005501 
338 .000 6529192 227230 1.14228 2/7449 - 0005402 
342-000 69.0129 2655112 1.15990 0/1234 ; - 0005310 
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Temp. 
K 


207-2625 
208.000 
210.000 
212.000 
214.000 
2162000 
218.000 
220.000 
222.000 
224.000 
226-000 
228.000 
230-000 
232.000 
234-000 
2362000 
238-000 
240.000 
242.000 
244.000 
246.000 
248.000 
250-000 
252.000 
254.000 
256000 
258.000 
260.000 
262.000 
264.000 
266.000 
268.900 
270-000 


156.411 
158.000 
160.000 
162.000 
164.000 
166.000 
168.000 
170.000 
172.000 
174.000 
176.000 
178.000 
180.000 
182.000 
184.000 
186.000 
188.000 
190.000 
192.000 
194.000 
196.000 
198.000 
209.000 


Table 17. (Continued). 


|sobutane |sochore at 650 kg/m? 


| sotherm |sochore |!sochore 
Pressure Z Derivative Derivative Curvature 
MPa MPaem3/kg MPa /K MPa/K 

0063 200033 1.18604 1.18388 -.0024010 
04526 202340 1. 18829 1.18297 -. 0023851 
228138 2 14411 1.20026 1.17829 -.0023040 
5. 1658 «26207 1.21225 1.17375 -.0022279 
725089 Se TEH/ 1.22424 1. 16937 -.002 1564 
9.3434 249012 1.23623 1.16513 -. 9020892 
12.1695 -60038 1.24822 1.16101 -.0020260 
14.4875 e/0824 1.26022 Te lS702 -.0019665 
16./977 281378 Ve27221 1.15314 -.0019104 
19.1002 091706 1.28419 1. 14938 -.0018574 
2123952 1.01816 1.29616 1.14571 -.0018074 
23-6831 Heit 1.30813 1.14214 -.0017602 
2529639 1.21409 1.32008 1.13867 -.0017154 
28.2378 1.30904 1.33202 1.13528 -.0016731 
30.5051 1.40205 1.34394 1.13198 -.0016330 
32.7658 1.49320 1.35585 1.12875 -.0015949 
35.0201 1.58252 1.36774 1.12559 -.0015588 
3722682 1.67007 1.37962 1.12251 -.0015244 
39.5102 1.75591 1.39147 1.11950 -.0014918 
41.7462 1.84008 1.40330 1.11654 -.0014607 
43.9764 1.92262 1.41512 1.11365 -.0014311 
46-2009 2.00358 1.42691 1.11082 -. 0014030 
48.4197 2208301 1.43868 1.10804 -.0013761 
50.6331 ; 2. 16094 1.45042 1.10531 -.0013504 
52.8410 2223741 1.46215 1.10264 -.0013259 
55-0436 2231247 1.47385 1.10001 -.0013024 
5722411 2238614 1.48552 1.09743 -.0012800 
59.4354 2.45847 1.49717 1.09489 -.0012585 
61.6206 2252949 1.50880 1.09239 -.0012379 
63.8030 2.59923 1.52040 1.08994 -.0012 182 
65.9804 2266773 1.53197 1.08752 -.0011992 
68.1551 2.73501 1.54352 1.08514 -.0011811 
7025210 2.80111 1.55505 1.08279 -.001 1636 


Isobutane !sochore at 700 kg/m 


20001 e 00000 1.76606 1.70217 - 0055644 
2.6978 217052 1.77724 1.69348 -- 0053678 
620742 237913 1.79141 1.68298 - 0051367 
9.4300 2398133 1.80569 1.67293 -- 0049225 

12.7662 2/7739 1.82006 1.66328 - 0047231 
16.0834 296759 1.83451 1.65402 -. 0045377 
19.3825 1.15219 1.84903 1.64512 - 0043651 
22.6641 1.355142 1.86361 1.63656 - 0042040 
25-9289 1.50550 1.878235 1.62830 --0040536 
2921775 1.67464 1.89290 1.62034 -- 0039130 
3224105 1.83906 1.90761 1.61264 -.0037813 
3546283 1.99893 1.92234 1.60520 -- 0036580 
38-8314 2.15444 1.93710 1.59801 - 00355422 
42.0204 22350575 1.95187 1.59103 -- 0054534 
45.1957 22453503 1.96665 1.58427 - 20055311 
48.3576 2259642 1.98144 1.57770 - 0032348 
51-5066 2.75608 1.99623 1.57132 - 0031440 
54.6430 287214 2.01103 1.56512 -- 0050584 
572/672 300472 2202581 1.55909 -.0029775 
60.8795 3 13396 2.04059 1.55321 -- 0029010 
63.9802 325996 2205556 1.54748 - 0028286 
67.0695 3238286 2207012 1.54189 - 0027599 
70-1478 3250274 2.08486 1.55644 - 0026949 


108 


Temp. 
K 


113.2550 
114.000 
115.000 
116-000 
117.000 
118.000 
119.000 
120.000 
121.000 
122.000 
123.000 
124.000 
125.000 
126.000 
127.000 
128 .000 
129.000 
130.000 
131.000 
132.000 
133.000 
134.000 
135-000 
136.000 
137.000 
138.000 
139.000 
140.000 
141.000 
142.000 
143.000 
144.000 
145.000 
146.000 


Pressure 
MPa 


20000 
1.0599 
324064 
5.7409 
8.0637 

1023753 
12.6759 
14.9659 
1722455 
19.5150 
21-7748 
24.0250 
26-2659 
28 4978 
30.7208 
52-9353 
3521413 
373391 
395290 
41.7109 
43.8853 
46.0521 
48.2116 
50 23639 
52-5093 
54.6477 
562/794 
58-9045 
61-0231 
63-1354 
6522414 
672354135 
69.4352 
7125232 


Table |7. 


(Continued). 


|sobutane |sochore at 741.375 kg/m? 


-00000 

°08767 

°27930 

046666 

264988 

082909 
1.00442 
1.17599 
1234392 
1.50832 
1.66929 
1.82694 
1.98137 
2.13267 
228093 
242625 
2 256869 
270835 
2284530 
2.97961 
3211136 
324062 
3236745 
5249192 
361409 
373402 
3285176 
3296738 
4.08093 
4.19245 
4.30200 
4.40963 
4.51539 
4.61931 


109 


| sotherm 
Derivative 
MPaem3/kg 


242683 
2242991 
2245686 
2244392 
2245110 
2245839 
2246579 
2247328 
2248085 
2248852 
2249626 
2250408 
2251197 
2251993 
2252795 
2-53602 
2654415 
2255235 
256056 
256884 
2257715 
2258551 
2259390 
2260232 
2261078 
2.61926 
262777 
2265631 
2264487 
2265345 
2266205 
2.67066 
2267929 
2268794 


!sochore 
Derivative 


MPa/K 


2235818 
2235258 
2234041 
2.52861 
2231715 
2230604 
229524 
2228474 
2227454 
2.26461 
2225495 
2024555 
225636 
2222743 
2221871 
2221020 
2220190 
2219379 
2.18587 
2217812 
217055 
2.16315 
215590 
2.14880 
2614185 
2213505 
2.12837 
2212183 
2.11542 
2.10912 
2210294 
2.09688 
209092 
208507 


|sochore 
Curvature 
MPa/K 2 


-.0125365 
- 0123604 
- 20119829 
--0116236 
-.0112814 
- 20109553 
--0106444 
-.0103478 
- 0100646 
--0097943 
- 0095360 
-- 0092890 
- 0090528 
- 0088268 
- 0086104 
- 0084031 
- 0082045 
-.0080141 
- .0078314 
-.0076561 
- 0074877 
- 0073261 
- 20071707 
- 20070213 
- 0068776 
- 0067393 
- «0066062 
--0064780 
- 0063545 
- 0062354 
- 0061206 
- 0060098 
- .0059029 
- 0057997 


Table 18. Calculated P(p) isotherms of isobutane. 


|sobutane |sotherm at 120 K 


|sotherm |sochore |sochore 

Density Pressure jl Derivative Derivative Curvature 
kg/m3 MPa MPa em3/kg MPa /K MPa /K 2 

-00 ° 0000 1.00000 001717 200000 - 0000000 
T3de IZ ° 0000 ° 00000 Ze anou Ze QD 922 -.0109656 
735263 1.1754 209309 2032434 2.24279 -.0109115 
736025 2.6531 ° 20854 2234016 2224721 -.0108458 
736.87 4.1006 052419 2255606 2025167 - 20107813 
737250 5.5/8 1 044062 2.57206 2.25616 -.0107178 
738.12 720657 055765 2058814 226069 -.0106554 
738275 8.5633 067528 2240432 2.26524 -.0105941 
739.58 10.0711 - 79351 2042059 2226983 - 0105338 
740.200 11.5890 091234 243695 2.27446 -.0104746 
740.63 13.1173 1.03178 2245340 2.27911 -.0104163 
741.25 14.6558 1.15182 2.46994 2.28380 -.0103591 
741.87 16.2047 1.27248 2248658 228852 - 0103029 


|sobutane |sotherm at 130 K 


200 20000 1.00000 °0 1860 200000 - 0000000 
725245 20000 200000 2.14582 2.07129 -. 0089963 
726025 ahZ57, 212778 2.16498 207703 - 0089355 
727.50 4.4507 252898 ZeilQ>yd 2.08610 -- 0088430 
728.75 TOAST 2 33230 2622564 2209527 - 0087538 
730200 10.0150 0/5774 2225646 2.10455 - 0086675 
Toe2 12-8550 094533 2.28760 2211394 - 0085843 
732650 15.7541 1.15508 2231907 2.12343 -e 008504 | 
TDS iD 18.6528 1256702 255088 2.13303 - 0084267 
735200 21.6115 1.58116 2058302 2014274 - 0083521 
736625 24.6106 1.79752 2241550 2615254 - 0082803 
737250 27 66504 2.01612 2244835 2.16245 - 0082113 
7382/5 3027315 2225699 2248151 2.17246 - 0081449 
740.90 3328543 2.46014 2251503 2.18256 -. 0080812 
741.25 3720192 2268559 2254891 2.19276 - 0080201 
742.50 40.2267 2.91337 2.58316 2.20306 -. 0079615 
743.75 43.4772 3214350 2261776 2221344 - 0079054 © 
745.00 46.7713 3237599 2265274 2.22592 -.0078517 
746.25 50-1093 3261087 2.68808 2225450 -.0078005 
747.250 5504917 3.84816 2.72381 2024516 -.0077517 


110 


Density 
kg/m3 


-00 


715281 
716225 
717250 
718275 
720200 
721225 
722.50 
VZ30UD 
725-00 
726025 
727-250 
728275 
730200 
73125 
732250 
IS0VS 
735200 
736025 
737250 
7386/5 
740.00 
741.25 
742.50 
743275 
745.00 


200 


696.54 
697.50 
698.75 
700.00 
701.25 
702.50 
703-75 
705200 
706225 
707.250 
708-75 
710.00 
711.25 
712.50 
713075 
715-200 
716225 
717250 
718.75 
720200 
721225 
722.50 
723015 
725.200 
726.25 
72750 
728275 
730.00 


Table 18. (Continued). 


|sobutane |sotherm at 140 K 


|sotherm |sochore |sochore 

Pressure Z Derivative Derivative Curvature 
MPa MPa «m3/kg MPa/K MPa /K 2 
0000 099998 02003 200000 - 0000000 
20000 200000 1.99329 1.92029 -.0074533 
08843 206165 2200333 1292347 - 20074289 
3.4065 225/06 2.03191 1.93250 -.0073617 
59642 041435 2206076 1.94162 -.0072968 
8.5583 059354 2208992 1.95084 -.00/72342 
11.1891 e//465 22119356 1.96015 -.0071738 
13.8569 095768 2.14910 1.96955 -.0071156 
16.5620 1.14266 2217914 1.97904 - 0070596 
19.3048 1.32960 2.20948 1.98862 -.0070057 
22.0858 lo Dies 2224013 1.99829 -.0069538 
24.9053 1. 70943 2.27108 2.00804 -. 0069040 
272/636 1.90235 Ze O2Z55 2201788 - 29068562 
30.6613 2.09730 2.35393 2202780 -. 0068103 
33.5986 2229429 2.56582 2203781 -.0067664 
36.5760 2249334 2. 539804 2204790 - 0067243 
39.5938 2269447 2243058 2205807 - 0066842 
42.6527 2.89770 2.46345 2.06832 -. 0066459 
45.7527 3.10302 2.49665 2207866 -.0066093 
48.8944 3.31048 2.55018 2.08907 -. 0065746 
52.0782 3.52008 2.56405 2.09956 -.0065417 
55-3046 3.75184 2259826 Zen iOnyZ -.0065104 
585/40 3294579 2263282 2.12076 - 0064809 
61.8868 4.16193 2.66773 Z2q NS a -.0064530 
6522435 4.38030 22/0299 2.14226 -.0064268 
68.6445 4.60090 2./5861 oN DDWA -. 0064022 


Isobutane Isotherm at 160 « 


20001 099982 202288 200000 - -0000000 
20001 200001 1.71961 1.65863 -. 0052313 
1.6609 » 10404 1.73935 1.66533 - 0052040 
328513 224082 1.76526 1.67412 -. 0051697 
620742 057913 1.79141 1.68298 -.0051367 
8.3299 251900 1.81781 1.69191 - 9051050 
10.6188 266044 1.84446 1.70091 - 0050746 
12.9412 080345 1.87136 1.70998 - 0050455 
1522973 ° 94804 1.89851 1.71911 - 0050175 
17.6876 1.09424 1.92592 1.72831 -. 0049908 
2021122 1224204 1.95359 1.73758 - 20049652 
22.5717 1.39146 1.98151 1.74692 -. 0049408 
25-0661 1.54252 2.00969 1.75632 - 0049175 
27.5959 1.69521 2.03814 1.76579 -. 0048954 
30.1616 1.84957 2.06685 1.77532 - 0048743 
32.7652 2.00559 2.09583 1.78492 - 0048544 
3524013 2216329 2.12508 1.79458 - 0048355 
3820760 2252268 2.15460 1.80431 -.0048176 
40.7879 2048377 2 18439 1.81409 - 0048008 
43.5371 2.64657 2021447 1.82395 -. 0047851 
4625242 2281110 2224482 1.85386 - 0047703 
49.1493 2097737 2.27545 1.84383 -. 0047565 
5220129 3« 14539 2230637 1.85387 - 2004 7438 
54.9154 3231518 2.55758 1.86397 -20047319 
5728570 3248674 2256907 1.87412 - 20047211 
60.8382 3.66009 240086 1.88434 -20047112 
63-8593 3285524 2043295 1.89462 - 0047022 
66.9206 4.91221 2246533 1.90495 -- 0046942 
7020227 4.19100 2.49801 1.91534 - .00468 70 


delet 


Table 18. (Continued). 


|sobutane Isotherm at 180 K 


|sotherm lsochore | sochore 

Density Pressure Z Derivative Derivative Curvature 
kg/m3 MPa MPa «m3/kg MPa /K MPa/k2 

205 e 0007 299890 202569 200000 - 0000000 
677.18 20007 200004 1.47850 1.43840 -.00374 72 
677.50 24769 202734 1.48444 1.44052 - 0037426 
678.75 223469 213429 1.50769 1.44881 - 0057253 
680.00 4.2462 024252 1.53116 1245715 - 0037088 
681.25 6.1749 °35203 1.55485 1.46555 -. 0036931 
682.50 8.1534 046283 1.57875 1.47400 - 0036782 
683.75 10.1219 291493 1.60288 1.48251 -- 0036640 
685.00 12.1407 268834 1.62722 1.49107 - 0036505 
686.25 14.1900 °80306 1.65179 1.49969 ~-- 00363578 
687.50 16.2702 091912 1.67658 1.50836 - 0036258 
688.75 18-3816 1.03650 1.70159 1.51708 ~.0036145 
690.00 2025245 1.15523 1.72683 1.52586 - 0056038 
691.25 22.6987 1.27531 1.75230 1.53470 - 0055939 
692.50 24.9052 1.39675 1.77800 1.54358 --0055846 
693.75 27. 1438 1.51956 1.80392 1.55252 -.0035759 
695-00 29.4151 1.64374 1.83009 1.56151 - 0035679 
696.25 31.7191 1.76932 1.85648 1.57056 -. 0035606 
697.50 34.0564 1.89628 1.88311 1.57965 - 0035538 
698.75 3624270 2202465 1.90999 1.58880 -.0035477 
700.00 38.8314 2.15444 1.93710 1.59801 - 0035422 
701.25 41.2699 2.28565 1.96445 1.60726 -- 0035373 
702250 43.7426 2241829 1.99204 1.61656 - 0035329 
703275 46.2501 2.55237 2201988 1.62592 -. 0055292 
705.00 48.7925 2.68790 2.04797 1.63553 -.0035261 
706.25 5123701 2282489 2207631 1.64479 -. 0035235 
707.50 539833 2.96335 2.10489 1.65429 -.0035215 
708.75 5626324 3.10328 2.13373 1.66385 -.0035201 
710.00 5923178 3224471 2.16283 1.67346 -.0035192 
711225 62.0395 3.38762 2.19218 1.68312 -.0035189 
712250 64.7983 353206 222179 1.69283 -20035191 
713.75 67.5942 3267801 2.25166 1.70259 -.0035199 
715-200 7024276 3.82548 2.28180 1.71240 - 0035212 
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Table 18. (Continued). 


|!sobutane |sotherm at 200 K 


|sotherm |sochore |sochore 
Density Pressure Z Derivative Derivative Curvature 
kg/m3 MPa MPa em /kg MPa/K MPa /K 
213 20037 099578 °02837 °00002 - 0000000 
657257 20037 200020 1.26266 1.24930 -. 0027130 
658.75 1.5019 207969 1.28227 1.25657 -.0027061 
660.00 321179 216512 1.30327 1.26434 -. 0026992 
661.25 4.7602 225162 1.352447 1.27215 - 0026928 
662.50 6.4291 2535920 1.34587 1.28000 - 0026869 
663.75 8.1250 042787 1.36746 1.28790 - 0026815 
665.00 9.8479 251762 1.38925 1.29584 -.0026765 
666.25 11.5982 260848 1.41124 1.30383 - 0026720 
667.50 13.3761 e 70044 1.43343 1.31187 - 0026679 
668.75 15.1818 2/9351 1245582 1231995 ~ 0026642 
670.00 1720157 088770 1.4784 1 1.32807 - 0026609 
671.225 18.8779 298302 1.50121 1.35624 - 0026581 
672-50 20. 7688 1207947 1.52421 1.34446 - 0026556 
673275 22.6885 1.17706 1.54742 1.35272 - 0026535 
675.00 24.6374 1.27580 1.57083 1.36102 -. 0026519 
67625 26.6157 1237570 1.59446 1.56937 - 0026506 
677.250 28 «6236 1.47675 1.61829 1.37777 ~e 0026497 
678.75 30.6615 1.57898 1.64234 1.38621 - 0026492 
680.00 3227296 1.68238 1.66660 1.39469 -- 002649 | 
681.25 34.8281 1.78696 1.69107 1.40322 - 0026493 
682.50 36.9574 1.89274 1.71576 1.41179 - 20026499 
683.75 39.1176 1.99971 1.74067 1.42041 - 0026509 
685.00 41.3091 2.10789 1.76579 1.42907 -- 0026522 
686.25 43.5322 221728 1.79114 1.43778 - 0026538 
687.50 45.7871 232789 1.81670 1.44653 - 0026559 
688.75 48.0740 2243972 1.84249 1.45532 - 0026582 
690.00 50-3934 2.55280 1.86850 1.46416 -.0026610 
691.25 52.7454 2.66711 1.89474 1247304 - 60026640 
692.50 5561503 2.78267 1.92121 1.48197 -. 0026674 
693.75 575485 289950 1.94790 1.49094 - 20026712 
695.00 60.0002 3201758 1.97483 1.49995 -. 0026752 
696.25 62.4857 3213694 2200198 1.50901 - 0026796 
697.50 65.0052 3225758 2202937 1.51811 -- 0026844 
698.75 6725592 3237951 205700 1.52725 - 0026895 
700.00 70.1478 3.50274 2.08486 1.55644 - 0026949 


Isobutane |sotherm at 220 K 


044 20138 298845 203076 00006 -.0000000 
637.55 20138 200069 1.06755 1.08428 -.0019672 
640.00 226/58 e 13285 1.10407 1.09830 -.0019648 
642.50 54832 027118 1.14202 1.11275 - 0019656 
645.00 8.3865 041316 1.18069 1212735 - 20019635 
647.50 11.3873 235883 1.22009 1.14211 -.0019645 
650.00 14.4875 e 70824 1.26022 1.15702 -.0019665 
652.50 17-6890 86143 1.30109 1.17209 -.0019695 
655.00 20.9936 1.01846 1234272 1.18731 - 20019735 
657.50 24.4032 1.17937 1.38510 1.20269 -.0019784 
660.00 27-9198 1.34421 1242826 1.21822 - 0019843 
662.50 31.5452 1.51302 1.47219 1.25391 -.0019910 
665.00 3522814 1.68587 1.51691 1.24975 -.0019986 
667.250 3921304 1.86278 1.56242 1.26575 - 0020071 
670.00 43.0942 2204382 1.60874 1.28191 - 0020165 
672.50 47.1748 2.22903 1.65588 1.29822 -. 0020267 
675.200 51235743 2041847 1.70384 1.31469 - 00203578 
677-50 55.6947 2261218 1.75263 Nei 52 - 0020497 
680.00 60.1381 281022 1.80226 1.34810 - 0020624 
682.50 64.7067 3201263 1.85275 1.36504 - 0020759 
685.00 69.4026 3.21947 1.90411 1.38214 - -0020903 


113 


Density 
kg/m> 


1.19 


516.90 
617250 
620.90 
622.50 
625.00 
627.50 
630-00 
632.50 
635-00 
637.25 

640.00 
642.50 
645.00 
647.50 
650-090 
65250 
655.00 
657.50 
660.00 
662.50 
€65.00 
667.50 
670.00 


2250 
269 


595-38 
597-50 
600.00 
602.50 
605.00 
607.50 
610.09 
612.50 
615.00 
617.50 
620-00 
622.50 
625.200 
627.250 
630.00 
632-50 
635-200 
637.50 
640.00 
642.50 
645.00 
647.50 
650.00 
652.50 
655.00 
657.50 


Pressure 


MPa 
20398 


20398 
25749 
2.8610 
522304 
726845 
10.2252 
12.8541 
15.5729 
18.3833 
21.2870 
24.2858 
27.5816 
30.5760 
33.8709 
3722682 
40.7697 
44.3772 
48.0927 
5129180 
5528552 
59.9062 
64.0750 
6823575 


20891 
20954 


20954 
1.6633 
35819 
5.5736 
726399 
9.7823 

12.0025 
14.3020 
16.6824 
19.1452 
21.6922 
24.3249 
27.0451 
29.8544 
32.7544 
35-7470 
38.8538 
42.0165 
4522971 
48.6773 
52.1588 
55 7436 
5924334 
63-2301 
67213556 
7121518 


Table 18. (Continued). 


|sobutane |sothemn at 240 K 


|sotherm |sochore 
7h Derivative Derivative 
MPa em3/kg MPa/K 
09/514 203269 200017 
200188 «89025 293827 
202712 289804 294139 
213441 293099 295451 
024474 -96460 96776 
255814 299887 098115 
247465 1.03380 299467 
239431 1.06942 1.00833 
one ural/, 1.10572 1.02212 
234326 1.14271 1.03605 
097262 1.18040 1.05011 
1.10531 1.21880 1.06431 
1.24135 1.25791 1.07865 
1.38080 1.29775 1.09313 
1.52369 1.33831 1.10775 
1.67007 1.37962 te i225) 
1.81998 1.42167 1.15741 
1.97346 1.46447 1.15245 
2.13056 1.50804 1.16763 
2229131 1.55238 1.18296 
2245577 1.59751 1.19843 
2262 398 1.64341 1.21405 
2.79598 1.69012 1.22979 
2297182 1.73763 1.24568 


Isobutane Isotherm at 260 K 


095787 203421 -00037 
295505 203401 290040 
200431 - 72897 80755 
207485 «75300 °81760 
» 16051 -/8195 282957 
224873 051149 84167 
253953 - 84165 285588 
243296 287245 28662 1 
° 52904 290383 87856 
262783 293586 289123 
2/2934 296854 290393 
283363 1.00186 91674 
294072 1.05583 292959 
1.05066 1.07047 294275 
1.16347 1.10577 095594 
1.27921 1.14175 296926 
1.39799 1.17841 298270 
1.51959 1.21576 299627 
1.64431 1.25381 1.00997 
1.77210 1.29256 1.02379 
1.90300 1.53203 1.03775 
2205705 1.37222 1.05184 
2.17429 1.41313 1.06606 
2251475 1.45478 1.06041 
2245847 1.49717 1.09489 
2.60550 1.54031 1.10950 
2.75588 1.58422 1.12425 
2.90963 1.62888 1.13913 


114 


|sochore 
Curvature 
MPa/K2 


-.0000001 


-.-0014136 
-.0014146 
-.0014194 
-.0014249 
-.0014311 
-.0014379 
-.0014453 
- 0014532 
-. 0014618 
-.0014709 
-. 0014806 
- 0014907 
-.0015015 
- 0015127 
- 0015244 
- 0015567 
-.0015495 
- 0015628 
-. 0015765 
- 0015909 
-. 0016057 
-.0016210 
-. 00 16369 


- 0000002 
-- 0000003 


- 0009918 
-- 0009993 
-.0010085 
-.0010181 
- 0010280 
-.0010382 
- 0010488 
-.0010597 
-.-0010709 
-. 0019823 
- 20010941 
-. 0011062 
-.0011185 
--0011312 
-.0011441 
-.0011574 
-.0011709 
-.0011847 
-.0011989 
- 9012133 
- 0012280 
-.9012431 
- 0012585 
-0012742 
- 20012902 
-. 0013066 


Table 18. (Continued). 


|sobutane |sotherm at 280 K 


|sotherm |sochore |sochore 
Density Pressure Zs Derivative Derivative Curvature 
kg/m> MPa MPa em3/kg MPa/K MPa/K 
2-50 20965 296328 203729 200037 - 0000001 
5.200 21867 093222 203490 00077 - 0000008 
5254 - 1984 ° 92813 203457 °00082 - 0000010 
512-68 21984 200865 298264 68927 -. 0006625 
575200 1.5775 206850 260508 69918 - 0006732 
577250 32 1209 2 13493 262976 ° 70996 - 0006849 
580.00 4.7268 ° 20347 265499 e 72084 - 0006967 
582-50 6. 3963 02/416 068077 0/5182 -- 0007086 
585.00 8.1310 2 534702 2/0711 2/429) - 0007206 
587.50 9.9323 042209 2/3402 0/5411 -.0007328 
590.00 11.8016 24994) 276150 2/6541 - 0007450 
592.50 13.7403 05/899 2/8957 2/7683 -. 0007574 
595.00 15.7500 266089 231823 e 78835 - 0007700 
597-50 17-8320 0/4512 084749 2/9999 -. 0007826 
600.00 19.9879 283173 287735 81174 - 0007954 
602.50 ZL eON95 292074 290782 082360 -. 0008083 
605.00 24.5275 1.01219 295891 283557 - 0008214 
607.50 2629143 1.10612 297062 84766 -. 0008346 
610.00 29.5812 1.20255 1.00297 285987 - 0008479 
612.50 31.9297 1.30152 1.03596 087219 -. 0008614 
615.00 34.5615 1.40308 1.06959 °88463 -.0008751 
617.50 3722782 1.50724 1.10387 289719 - 0008889 
620.00 40.0814 1.61404 1.13882 290987 - 0009028 
622.50 42.9729 1.72353 1.17443 092267 -2 0009170 
625.00 45.9542 1.83573 1.21072 e 93559 - 0009313 
627.50 49.0270 1.95068 1.24769 294863 -- 0009458 
630.00 52-1932 2.06841 1.28535 96179 - 0009605 
632.50 5524544 2.18897 1.323570 097508 -.0009754 
635.200 58-8125 2051257 1.36276 - 98848 - 0009905 
637.50 62.2687 2243867 1.40253 1.00202 -.0010058 
640.00 6528255 2256790 1.44301 1.01567 - 20010213 
642.50 69.4844 2. 70009 1.48422 1.02946 -. 0010371 


Table 18. (Continued). 


Isobutane |sotherm at 298.15 K 


|Isotherm |sochore |sochore 
Density Pressure 7 Derivative Derivative Curvature 
kg/m3 MPa MPa «m3/kg MPa/K MPa /K 2 
2.50 21031 296714 -04004 °00037 --0000001 
5200 °2005 294024 203788 200075 -.0000005 
7250 22925 291447 203572 -00118 - 0000014 
9.15 25503 89744 205423 00148 -- 0000027 
550.69 25503 201492 246233 ° 59082 - 0004209 
552.50 1.2021 205102 247708 59777 -.- 0004304 
555.00 224207 e 10226 249783 260743 - 0004436 
557250 326917 215526 231907 61719 -.0004566 
560.00 520164 ° 21004 - 54081 62704 - 0004697 
562.50 623962 -26661 256506 263699 -.0004827 
565.00 728321 232503 238582 264704 - 0004956 
567.50 9.3257 258530 260909 65/18 -.0005086 
570.00 10.8781 244747 263290 66743 - 0005215 
572.250 12.4906 051156 265724 67777 -.0005345 
575.00 14.1647 °57760 68211 68821 - 0005474 
577250 15.9016 264562 2/0754 69876 - 0005604 
580.00 17.7029 e 71565 2 135552 «70941 - 0005734 
582 50 19.5697 2/8773 - 76007 -/2016 - 0005865 
585.00 21.5037 86187 -/8718 ° 73102 - 0005995 
587-50 23-5061 093812 81486 -/4199 -.0006127 
599.00 2525785 1.01650 284314 e 15306 - 0006258 
592.50 2721223 1.09705 87200 2 76424 -. 0006391 
595.00 29.9389 1.17979 290145 2/1552 - 0006524 
597.50 3222300 1.26476 093151 - 78692 -. 0006658 
600.00 34.5970 1235199 °96218 - 79843 - 0006792 
602.50 37.0414 1.44151 099547 e81005 -. 0006928 
605.00 39.5649 1.53335 1.02539 -82178 - 0007064 
607.50 42.1689 1.62754 1.05793 085563 -.0007202 
610.00 44.8551 1.72412 1.09111 2 84558 - 0007340 
612.50 4726250 1.82312 1.12494 85766 -.0007480 
615.00 50.4803 1.92457 1.15942 286984 -.0007621 
617250 5324226 2.02850 1.19456 288215 -. 0007763 
620.00 56245356 2.135495 1223036 289457 - 0007906 
622.50 59.5750 2.24394 1.26684 90710 -.0008051 
625.00 62.7884 2235552 1.30399 91976 --0008197 
627.250 66.0955 2246971 1.34183 2935253 -. 0008344 © 
630.00 69.4981 2658654 1.38037 294542 - 0008493 
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Table 18. (Continued). 


|sobutane |sotherm .at 300 K 


Isotherm |sochore Isochore 

Density Pressure Ze Der ivative Derivative Curvature 
kg/m MPa MPa «m3 /kg ~ MPa/K MPa/k 2 
2-50 2 1038 96749 204032 200037 -.0000001 
5.00 22019 094095 203818 200076 - 0000004 
7-50 22947 291558 203604 00117 - 0000013 
9.64 25696 089393 203414 00156 -. 0000029 
548.35 25696 201571 245072 258120 - 0003987 
550.00 1.1223 204755 046385 238743 -. 0004074 
552.50 225073 209731 248419 2 59698 - 0004207 
555.00 3525437 - 14878 ° 50501 60662 -. 0004339 
557.50 4.8527 - 20200 2526352 ° 61636 - 0004470 
560.00 6.1757 225698 234813 262618 --0004601 
562.50 725138 231375 57045 263611 - 0004731 
565-00 9.0283 251236 259328 064613 -- 0004861 
567.50 10.5406 243281 261663 265625 -.0004991 
570.00 12.1119 049515 264051 66647 -. 0005121 
572-50 13-7436 2 55940 266492 °67679 --0005251 
575.00 15.4369 262560 268987 268721 -. 000538 1 
577250 17.1934 69376 e 71537 069773 -.0005511 
580.00 19.0143 e 16593 2/4143 e 70836 -- 0005641 
582.50 20-9010 283613 e 76805 «71909 - 0005771 
585.00 22.8550 291039 °/9524 -/2992 - 0005902 
587.50 24.8777 298674 -82301 e /4086 - 0006034 
590.00 26-9706 1.06522 285136 2/5191 -- 0006166 
592.50 29.1350 1.14585 288030 e 76506 - .0006298 
595.00 3123725 1.22866 290984 2/1433 - 0006431 
597.50 3326847 1.31370 2 93998 2/8570 - 0006565 
600.00 36.0729 1.40098 97073 -/9718 -- 0006700 
602.50 38-5389 12490535 1.00210 ° 80878 - 0006835 
605.00 41.0840 1.58240 1.03410 282048 -. 0006972 
607.50 43.7099 1.67662 1.06673 °83230 -.0007109 
610.00 46.4181 1.77320 1.09999 84423 -.0007248 
612.50 49.2104 1.87219 1.13391 285628 - 0007387 
615-00 52-0882 1.97363 1.16847 86844 - 0007528 
617.50 55-0533 2207753 1.20569 288072 - 0007670 
620.00 58-1072 2.183595 1.23958 289311 --0007813 
622.50 61.2518 2229287 1.27615 290562 - 0007958 
625.00 64.4885 2240438 1.31339 091825 -.0008104 
627.50 67.8193 2251849 1.35132 ° 93100 - 0008251 
630.00 7122457 2.635523 1.38994 294386 -.0008400 
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Table 18. (Continued). 


|sobutane |sotherm at 320 K 


Isotherm |sochore |sochore 
Density Pressure 7. Derivative Derivative Curvature 
kg/m3 MPa MPa em3/kg MPa/K MPa /k 2 
5.00 2169 ° 94780 004 136 200075 - 0000003 
10.00 4141 290474 203750 200159 -. 0000017 
15.200 29915 286139 2003337 200255 - 0000056 
16.26 06327 285023 203228 200281 -. 9000074 
521279 26327 202649 2535500 248152 - 0001804 
525.200 1.7340 297216 255361 249219 -- 0001994 
530-00 325851 ‘2 14777 238710 - 30908 - 0002279 
535-00 5.6079 222899 242230 252631 -- 9002556 
540.00 728111 ° 51600 045928 234388 - 0002825 
545.00 10.2038 240901 049810 256181 -. 0003088 
550-00 122/952 2 50823 253880 » 298010 - 0005547 
555-00 15.5950 061385 258145 259876 -. 0003604 
560.00 18.6131 2/2611 262610 61780 - 0003858 
565-00 21.8595 084521 67280 263723 -. 0004111 
570-00 25.5446 097137 °/2162 °65705 - 0004363 
575200 29.0793 1.10481 e/7260 26/7728 -. 0004616 
580.00 3320744 1.24576 282581 69791 - 0004870 
58 5-00 37.3412 1.39445 288130 2/1895 - 0005124 
590.00 41.8912 1.55111 093911 2 74042 - 0005381 
595.00 46. /365 1.71597 299932 2/6231 -- 00056490 
600.00 5128885 1.88926 1.06197 - 18464 - 0005902 
605-00 5723601 2207122 1.12711 280740 -. 0006167 
610.00 63.1638 226209 1.19480 e 85060 - 0006435 
615.00 69.3125 2246211 1.26510 285426 -- 0006708 


Isobutane |sotherm at 340 K 


5.00 02318 095338 204449 200074 - 0000.02 
10.00 04456 091614 204099 00156 -. 0000010 
15.00 06415 287926 203733 290246 - 0000030 
20.90 08186 034154 203550 200347 -.- 0000069 
25.200 29765 280293 202957 209461 -.0000145 
26.28 1.0135 0/9291 202854 200493 -.0000174 

492.00 1.0135 204236 222954 2 38865 0000091 
495.00 1.7247 007164 024417 059719 -. 0000109 
500.00 320085 212372 226962 241163 - 0000423 
505-90 4.42352 2 18009 229650 242636 -.0000717 
510.00 529760 224093 252487 244140 - 0000997 
515.200 706/744 250640 035477 045676 -.- 000 1264 
520.00 925264 e 5/667 238627 047244 -.0001523 
525.200 11.5398 045194 041941 048846 -. 0001774 
530.00 Se7255 235238 045425 250482 -.0002021 
535-200 16.0853 061818 249085 252153 -. 0002262 
540.00 18.6347 e 70953 292925 233859 - 0002501 
545.00 21.3809 280663 256952 255602 -.- 0002738 
559.00 24.3331 ° 90966 61170 057382 - 0002973 
555-00 2725012 1.01883 265586 259199 - 0003207 
560.200 30.8951 1.13434 e/0205 261054 - 0003441 
565-00 34.5251 1.25641 0/5032 262948 -. 0003675 
570-00 3824018 1.38522 280072 264882 - 0003909 
575.200 42.5360 1.52101 085532 266855 -.0004145 
580.00 46.9388 1.66397 290816 268869 - 0004383 
585.00 51266215 1.81433 09653 1 2/0924 -- 0004622 
590.00 5625958 1.97231 1.02481 2/3021 - .0004864 
595.00 61.8736 2213812 1.08672 2/5160 -.0005108 
600.00 6724671 2231198 1.15110 2/7341 - 0005356 
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Density 
kg/m3 


5.00 
10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
41.72 


457.14 
460.00 
465.00 
470.00 
475.00 
480.00 
485.00 
490.00 
495.00 
500.00 
505.00 
510.00 
515.00 
520.00 
525-00 
530.00 
535.00 
540.00 
545.00 
550.00 
555-00 
560.00 
565-00 
570.00 
575.00 
580.00 
585.00 
590.00 


Pressure 


MPa 


22467 
04766 
26902 
28869 
1.0662 
1.2282 
1.23729 
1.5009 
1.5410 


1.5410 
1.9568 
2.7528 
3.6405 
4.6258 
5217144 
6.9127 
8.2271 
9.6644 
11.2314 
12.9354 
14.7838 
16.7844 
18.9451 
2122742 
23.7801 
2624717 
29235578 
32.4479 
352/516 
39.2786 
43.0390 
47.0433 
5123021 
55-8264 
60.6273 
65.7164 
7121053 


Table 18. 


|sobutane |sotherm at 360 K 


295805 
092544 
°89352 
286111 
° 82818 
2/9498 
2/6173 
°/2861 
°/1727 


206546 
° 08260 
211496 
e 15041 
218911 
023118 
02/677 
° 52604 
031913 
243620 
049740 
256291 
263288 
2/0748 
e /8689 
287128 
296083 
1.05572 
1.15614 
1.26227 
1.37430 
1.49243 
1.61685 
1.74775 
1.88535 
2202983 
2.18141 
254029 


NL) 


(Continued). 


|lsotherm 
Derivative 


MPa em>/kg 


204758 
004437 
204105 
003761 
003412 
203066 
02726 
202392 
202278 


2 14072 
e 15040 
2 16819 
218710 
220718 
222848 
025105 
227494 
230019 
2 52686 
055499 
2 38464 
041586 
244870 
048521 
251945 
2035747 
259731 
263905 
268273 
e 72840 
e 77613 
282595 
087794 
0935214 
°98861 
1.04740 
1.10857 


|sochore 
Der ivative 


MPa/K 


200074 
200154 
200241 
°00337 
200440 
200554 
200678 
00814 
200864 


° 50093 
250763 
0531954 
253170 
0544135 
255683 
° 36982 
2 58310 
059669 
241059 
04248 | 
243936 
045423 
46944 
248500 
e 50090 
091715 
0353577 
°99075 
2 56810 
2 98583 
° 60393 
262243 
264131 
266059 
268028 
e 70037 
e 72087 


|lsochore 
Curvature 
MPa/K2 


- -0000001 
-- 0000007 
- 0000020 
-. 000004 1 
- 0000076 
-. 0000129 
- 0000210 
~. 0000342 
- 0000407 


0001891 

20001659 

20001292 

20000963 

20000661 

20000381 

20000117 
-.0000135 
-. 0000376 
- 0000610 
-.- 0000837 
- 0001059 
-.0001278 
- 0001493 
-.- 0001706 
-.0001918 
-. 0002129 
- 0002339 
-- 0002550 
-.0002760 
-- 0002972 
- 0003184 
-.- 0003398 
- .0003613 
-.0003831 
- 0004050 
- 0004273 
- 0004498 


Density 
kg/m> 


5.00 
10.00 
15.00 
20.00 
25-200 
30.90 
35.200 
40.00 
45.00 
50.00 
55.00 
60.00 
65.200 
67.11 


412.97 
415.00 
420.00 
425.00 
430.00 
435.00 
440.00 
445.00 
450.00 
455.00 
460.00 
465.00 
470.00 
475.00 
480.00 
485.00 
490.00 
495.00 
500.00 
505.00 
510.200 
515.00 
520.00 
525.200 
530.00 
535-00 
540.00 
545.00 
550.00 
555-90 
560.00 
565.00 
570.00 
575.00 


Pressure 


MPa 


22615 

23073 
- 7381 
29535 
1.1530 
1.3367 
1.5050 
1.6583 
1.7971 
1.9220 
220333 
2.1316 
202174 
2.2500 


222500 
2.35909 
2.7741 
322111 
3.7057 
4.2623 
4.8852 
525791 
6.3488 
721993 
8.1359 
9. 1640 
10.2894 
11.5179 
12.8557 
14.3090 
15-8846 
17.5892 
19.4299 
21.4141 
2325492 
2528432 
28-5040 
30.9401 
33.7600 
36-7727 
39.9871 
43.4128 
47.0594 
50.9568 
5520553 
59.4253 
64.0576 
68.9633 


Table 18. 


|sobutane |sotherm at 380 K 


296201 
093322 
290529 
087705 
» 84846 
031972 
279107 
- 76269 
2 73469 
°/0715 
68011 
265558 
262758 
261674 


« 10023 
210599 
212151 
- 13899 
- 15854 
- 18026 
220425 
225064 
225955 
29 108 
252538 
236255 
240275 
244609 
249271 
254276 
2 59637 
265370 
- 71489 
- 78009 
284946 
292316 
1.00134 
1.08418 
1.17183 
1.26447 
1.56227 
1.46541 
1257406 
1.68840 
1.80863 
1.93491 
2206745 
2220642 
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(Continued). 


|sotherm 
Derivative 
MPa «m>/kg 


205064 
204769 
-04464 
204149 
203832 
203519 
203214 
202919 
202635 
292360 
-02095 
201840 
201592 
201490 


206754 
207153 
08189 
209302 
2 10498 
-11780 
213152 
214619 
- 16185 
217853 
- 19629 
221516 
223519 
225642 
- 2/890 
250267 
252779 
255429 
2 58224 
041167 
244265 
247521 
250941 
234531 
2398295 
262240 
66369 
«70690 
275206 
2/9925 
284850 
089987 
2 95343 
1.00921 


|sochore 
Derivative 


MPa/K 


~ 00074 
200153 
200238 
200330 
200428 
200534 
-00646 
00766 
~ 00894 
201030 
201174 
201528 
201493 
201567 


221595 
21959 
222872 
223804 
224757 
225134 
26/55 
27761 
228814 
229895 
«31000 
252135 
253300 
254495 
e39717 
256971 
° 58256 
259572 
- 40921 
242302 
243716 
245165 
246644 
248160 
249711 
251297 
252919 
004577 
236272 
258005 
259775 
261583 
263431 
265317 


|sochore 
Curvature 
MPa/K2 


- 0000001 
-.0000005 
-.0000014 
-.0000028 
- 0000049 
-.0090078 
-.0000118 
--0000170 
- 0000238 
-.0000328 
- 0000450 
-. 0000622 
- 0000882 
-- 0001036 


0004007 
0003759 
0003231 
0002794 
200024 19 
0002089 
0001792 
0001521 
20001269 
0001052 
0000807 
-0000592 
-0000384 
- 0000182 
--0000015. 
-.0000208 
- 0000398 
-. 9000586 
- 0000772 
-. 0000957 
--0001141 _ 
-.00013525 
- 0001509 
-.0001693 
-.0001878 
-. 0002063 
- 0002250 
-.0002438 
- 9002627 
-.0002818 
--0003011 
-- 0003206 
- 0003404 
-- 0003604 


Density 
kg/m> 


5.00 
10.00 
15.00 
20-00 
25200 
30.00 
35-00 
40.00 
45.00 
50.00 
55.00 
60.00 
65.00 
70.00 
75200 
80.00 
85.00 
87.59 


383.270 
385-00 
390.00 
395.00 
400.00 
405.00 
410.00 
415.00 
420.00 
425.00 
430.00 
435.00 
440.00 
445.00 
450.00 
455.00 
460.00 
465.00 
470.00 
475.00 
480.00 
485.00 
490.00 
495.00 
500.00 
505.00 
510.00 
515-00 
520.00 
525.200 
530-00 
535200 
540.00 
545-00 
550.00 
555-00 
560.00 
565-00 
570.00 


Pressure 


MPa 


- 2688 

25226 

2/619 

2 9865 
1.1956 
1.3898 
1.5691 
1.7342 
1.8855 
2.0235 
2.1487 
2.2618 
223631 
2.4532 
25326 
226019 
2.6614 
2.6865 


2.6865 
2.7365 
229494 
3.1974 
53-4834 
3.8108 
4.1828 
4.6031 
520755 
5.6038 
6.1922 
6.8451 
725668 
8.3621 
9.2358 
10.1932 
11.2395 
12.5801 
13.6209 
14.9678 
16.4270 
18.0048 
19.7080 
21.5434 
23-5180 
2526594 
27-9150 
30.3528 
32.9609 
3527477 
382/218 
41.8921 
45.2678 
48.8584 
5226/55 
56.1235 
61.0178 
65.5678 
7023838 


Table 18. 


|sobutane |sotherm at 390 K 


296378 
293667 
91046 
88401 
285724 
285037 
-80561 
e/7713 
2 75104 
2/2541 
e 70029 
°67570 
265166 
262819 
260530 
258298 
236124 
255106 


e 12550 
212741 
2 13556 
214510 
e 15610 
- 16866 
e 18287 
e 19882 
221661 
025635 
025813 
°28206 
230826 
235683 
256789 
040157 
043797 
047723 
231948 
236484 
261544 
266543 
272095 
-/8013 
284312 
091007 
298113 
1.05645 
1.13619 
1.22052 
1.30959 
1.40357 
1.50263 
1.60694 
1.71667 
1.83200 
1.95311 
2.08017 
2221338 


WAL 


(Continued). 


|sotherm 
Derivative 
MPa em) /kg 


205217 
204932 
04640 
204337 
204035 
003734 
003443 
203162 
202891 
202631 
202381 
002142 
001913 
001694 
201485 
201286 
01096 
201008 


03760 
203926 
204598 
205329 
206123 
206982 
007912 
2089 14 
209993 
11153 
2 12398 
2135730 
215154 
2 16674 
e 18294 
e20018 
021851 
023795 
225857 
°28040 
250348 
252/87 
059562 
° 38076 
240935 
043944 
247108 
290431 
° 35920 
231579 
061414 
265429 
69631 
°/4025 
e/8615 
083408 
~88409 
295624 
299057 


|sochore 
Derivative 


MPa/K 


200074 
200152 
° 00237 
200327 
200424 
e00527 
200636 
200751 
200873 
201002 
201137 
201278 
201426 
091581 
01744 
001915 
202097 
202188 


«17280 
217473 
e 18226 
° 18994 
» 19780 
° 20586 
021414 
222265 
2251359 
224038 
224962 
025912 
° 26888 
02/891 
228922 
° 29980 
251067 
052183 
0553528 
054502 
255/08 
236943 
» 58211 
2539509 
240840 
242203 
243599 
045029 
46493 
047991 
249524 
251092 
° 92695 
254335 
2 56012 
2037726 
2039477 
261267 
263095 


|sochore 
Curvature 
MPa/K 


- 0000001 
-- 0000005 
- 0000012 
-. 0000024 
- 000004 1 
- 0000064 
- 0000095 
-. 0000133 
- 0000182 
-.0000241 
- 0000315 
- 0000408 
- 0000524 
-. 0000673 
- 0000871 
-.0001 148 
- 0001566 
-.0001854 


20005647 
20005405 
20004636 
20004041 
20003560 
20003156 
20002807 
20002499 
20002222 
20001968 
20001733 
20001512 
20001302 
20001101 
20000908 
20000721 
0000538 
0000359 
20000 183 
20000009 
- 0000163 
-. 0000333 
- 0000503 
-. 0000673 
- .0000842 
--0001011 
- 0001181 
--0001351 
-.0001522 
-. 0001695 
-.000 1868 
-. 0002043 
- 0002219 
-. 0002397 
- 0002577 
-. 0002759 
- 0002943 
-.0003130 
- 0003319 


Density 


kg/m3 


19.00 
20.90 
30.00 
40.00 
50.00 
60.00 
79.00 
80.00 
90.00 
100.00 
110.00 
120.00 
120.37 


341.92 
350.00 
360.90 
370.00 
380.00 
390.00 
400.00 
410.00 
420.00 
430.00 
4409.00 
450.00 
460.00 
470.00 
480.00 
490.00 
500.90 
519.00 
520.00 
530.00 
540.00 
550-00 
560.00 


Pressure 


A MPa 


25378 
1.0190 
1.4421 
1.8087 
221225 
2.3877 
2.6084 
2.7887 
2.9327 
3.0446 
3.1281 
3.1868 
3.1885 


3.1885 
523153 
3.5363 
3.8433 
4.2547 
4.7915 
524769 
6.3367 
73994 
8.6963 
10.2614 
12.1321 
14.3485 
16.9543 
19.9967 
23.5264 
27.5977 
32.2690 
3726025 
43.6648 
50.5263 
58.2619 
66.9509 


Table 18, 


lsobutane |sotherm at 400 K 


° 93986 
-89040 
84011 
2/9026 
- 7/4191 
°69550 
°65124 
260922 
» 56950 
253209 
49699 
046412 
46294 


- 16298 
» 16555 
217167 
- 18153 
- 19568 
°21472 
°23930 
°27011 
250790 
055345 
240758 
247118 
254514 
»63044 
«72808 
283911 
96464 
1.10580 
1.26379 
1.43985 
1.63525 
1.85133 
2208944 


(Continued). 


lsotherm 


Derivative 
MPa em3/kg 


122 


°05095 
204523 
2 03943 
2035395 
-02888 
202422 
01998 
001515 
01273 
-00971 
-00706 
200473 
00465 


201318 
201835 
202611 
- 03559 
204704 
206070 
97681 
° 09563 
211743 
214251 
217114 
°20365 
24036 
°28160 
252773 
237911 
243613 
249917 
256865 
264497 
°/2857 
-81988 
091932 


lsochore 
Derivative 


MPa/K 


00152 
00325 
-00521 
200739 
-00981 
201243 
01526 
201829 
~02150 
202490 
° 02852 
203248 
- 03263 


- 12606 
e 13506 
- 14663 
- 15889 
217195 
- 18587 
-20071 
«21650 
225329 
025111 
-27000 
- 28998 
231110 
033337 
235685 
258156 
040753 
245480 
246340 
249337 
052475 
055757 
259186 


|sochore 
Curvature 
MPa/K2 


- 0000004 
-.0000021 
-.0000054 
-. 0000199 
--0000189 
-.0900301 
-.0000456 
-.0000668 
- 0000972 
-. 0001438 
- 0002259 
-.- 0004235 
-.0004367 


-9009268 
-0006796 
0005155 
-0004 140 
-0003420 
-0002860 
20002394 
-0001988 
0001520 
0001277 
0000951 
-0900635 
0000325 
-00000 19 
-. 0000287 
- 0000594 
-.-0000904 
-.0001217 
-.0001536 
-.0001861 
-.0002194 
- -0002534 
-. 0002884 


Density 
kg/m> 


10.00 
20.00 
30.00 
40.00 
50.00 
60.00 
70200 
80.00 
90.00 
100.00 
119.00 
120.00 
130.00 
140.00 
150.00 
151.35 


3505.86 
310.00 
320.00 
330.90 
340.00 
350.00 
560.00 
370.00 
380.00 
390.00 
400.00 
410.00 
420.00 
430.00 
440.00 
450.00 
460.00 
470.00 
480.00 
490.00 
500.00 
510.00 
520.00 
530.00 
540.00 
550.00 
560.00 


Pressure 


MPa 


2 3454 
1.0352 
1.4681 
1.8455 
ZonlwialS 
224495 
226842 
2.8793 
3.0391 
31675 
3.2683 
323453 
3.4018 
524412 
324663 
3.4687 


324687 
3.4866 
3.5498 
3.6487 
3.7939 
3.9978 
4.2752 
4.6424 
521184 
527242 
6.4833 
724216 
8.5678 
9.9534 
11.6126 
13.5827 
15.9043 
18.6212 
21.7806 
2524334 
29-6342 
34.4414 
39.9176 
46.1293 
5321473 
61.0466 
69.9067 


Table 18. 


|sobutane |sotherm at 405 K 


2 94136 
089341 
- 84468 
2/9640 
e 74959 
e/0469 
266188 
262126 
° 98287 
294674 
251286 
048119 
245169 
042428 
2 59888 
259550 


219575 
19414 
2 19148 
- 19085 
19261 
19716 
° 20498 
21658 
° 235250 
025535 
02/977 
051245 
255212 
239955 
245556 
222100 
259679 
268387 
2 18524 
089593 
1.02303 
1. 16568 
1.32504 
1.50234 
1.69885 
1.91587 
2215475 


123 


(Continued). 


|sotherm 
Derivative 
MPa em3/kg 


205176 
004615 
204046 
203510 
203013 
002557 
202142 
201768 
01434 
201140 
200883 
200662 
200475 
200318 
00188 
000172 


00381 
200485 
00794 
201201 
201723 
00238 1 
203194 
204185 
005372 
206783 
08441 
2 10373 
e 12604 
215164 
e 18082 
221389 
622) UY 
°29500 
055973 
039174 
244939 
291310 
298325 
266027 
° 14458 
2856061 
° 93679 


|sochore 
Derivative 


MPa/K 


200152 
200324 
00518 
200754 
200972 
091229 
001505 
01798 
202107 
202429 
202763 
203109 
203465 
003855 
204234 
004292 


09741 
» 10079 
210912 
OU OY 
° 12748 
2013774 
- 14880 
216070 
e 17348 
218717 
220181 
021742 
2 23405 
025171 
2 27044 
229027 
051124 
0353557 
2 35669 
238125 
240707 
043418 
246263 
049244 
° 92365 
° 39630 
© 99042 


|sochore 
Curvature 
MPa/K 2 


--0000004 
-.9000019 
- 0000050 
-. 0000099 
- 0000170 
- 0000266 
- 0000391 
-.0000554 
- 0000765 
-.0001041 
-.0001415 
-.0001951 
- 0002795 
-.0004385 
- 0008902 
-.0010297 


20016199 
00012557 
20008360 
00063567 
20005162 
° 0004328 
20003697 
20003188 
20002756 
20002375 
0002028 
0001705 
20001398 
20001100 
20000809 
° 0000522 
20000235 
-- 0000052 
- 0000342 
-.0000635 
- 0000932 
-.0001234 
- .000 1543 
-.0001859 
-.0002 182 
-.9002514 
- 0002856 


Density 


kg/m> 


10.00 

20.00 

30.00 

40.00 

50.00 

60.90 

70200 

80.00 

90.00 
100.00 
110.00 
120.00 
130.00 
140.00 
150.00 
160.00 
170.00 
180.00 
190.00 
200.00 
210.00 
220.00 
230.00 
240.00 
250.00 
260-00 
270200 
280.00 
290.00 
300.00 
310.00 
320.00 
330200 
340.00 
350-00 
360.00 
370.00 
380.00 
390.00 
400.00 
410.00 
420.00 
430.00 
440.00 
450.00 
460.00 
470.00 
480.00 
490.00 
500.00 
510.00 
520.00 
530.00 
540.00 
550.00 
560.00 


Pressure 


MPa 


25497 
1.0444 
1.4828 
1.8664 
2.1990 
22.4845 
2.7269 
29304 
3.0989 
3.23635 
323465 
324331 
324996 
3.5491 
3.5845 
3.6087 
326241 
3.6331 
3.6376 
3.6394 
3.6599 
3.6400 
3.6400 
3.6401 
36408 
326433 
3.6492 
3.6614 
3.6834 
3.7202 
327778 
3.8637 
329872 
4.1591 
4.3921 
4.7007 
521017 
526139 
622586 
720592 
8.0419 
9223554 
10.6712 
12.3836 
14.4102 
16.7914 
19.5713 
22.7970 
2625197 
30.7939 
3526784 
41.2355 
47.5320 
54.6388 
62.6311 
71.5882 


Table 18. 


Isobutane |sotherm at 407.85 K 


94220 
~89508 
84721 
79979 
. 75382 
70975 
66772 

262785 
59017 
55471 
52146 
-49038 
46142 
43452 
40960 
38659 
36541 
34596 
32816 
231191 
29710 
+28360 
27127 
25997 
24962 
24018 
23166 
22414 
ANITA 
21255 
- 20888 
20696 
20710 
-20967 
21509 
22381 
23634 
25322 
. 27506 
30249 
~ 33620 
37690 
42537 
48241 
. 54888 
62568 
71374 
81406 
92767 

1.05564 

1.19910 

1.35922 

1.53720 

1.73432 

1.95186 

2.19116 


124 


(Continued). 


|sotherm 
Derivative 
MPa em3/kg 


205222 
204667 
204105 
003574 
203083 
202633 
202223 
201853 
201523 
201232 
200978 
00760 
00575 
200420 
200294 
200194 
200118 
200064 
200029 
00010 
» 00002 
00000 
200000 
- 00003 
00013 
200038 
200085 
200164 
200285 
200460 
200704 
201031 
201457 
202001 
- 02682 
203519 
204533 
205747 
207185 
208871 
210831 
213091 
- 15681 
e 18630 
221969 
225729 
229946 
254654 
2 39890 
045692 
252100 
259154 
266895 
e 75366 
284611 
294672 


|sochore 
Derivative 


MPa/K 


200152 
200323 
00517 
00731 
00967 
201222 
201495 
01783 
-02086 
202402 
202727 
203060 
203399 
203742 
- 04086 
204430 
204771 
205105 
205430 
205741 
- 06028 
206274 
06458 
206726 
e07059 
207451 
207900 
298410 
208982 
209619 
- 10324 
- 11100 
-11951 
212879 
2 13887 
2 14978 
- 16156 
217423 
- 18782 
220236 
21789 
225443 
225201 
»27066 
229041 
251130 
233335 
255659 
258106 
240680 
043383 
246219 
049191 
2 52303 
255559 
258961 


!sochore 
Curvature 
MPa/K2 


--0000004 
-. 9000018 
- 0000048 
-.0000094 
-.0000160 
-. 0000248 
- 0000362 
--0000505 
- 0000682 
- 0000902 
-.0001176 
-.0001521 
-.0001965 
- 0002550 
- 0005353 
- 0004508 
- 0006283 
-. 0009257 
- 0014906 
- 0027956 
-.0071461 
-.0539386 
- 03835802 
0076146 
20035631 
0021727 
0015110 
-001 1366 
0009003 
20007392 
0006229 
0005347 
0004651 
-0004082 
0003601 
20003184 
-0002812 
20002472 
-0002 156 
0001856 
000 1568 
0001287 
0001011 
-0000736 
0000462 
- 0000187 
-- 0000090 
-.- 0000371 
- 0000657 
-- 0000947 
-. 0001243 
- 0001547 
-.0001857 
- 0002176 
- 0002504 
- .0002841 


Density 


kg/m3 


10.00 

20.00 

30.00 

40.00 

50.00 

60.00 

70-00 

80.00 

90.00 
100.00 
110.00 
120.00 
130.00 
140.00 
150.00 
160.00 
170.00 
180.00 
190.00 
200.00 
210.00 
220.00 
230.00 
240.00 
250.00 
260.00 
270.00 
280.00 
290.00 
300.90 
310.00 
320.00 
330-00 
340.00 
350.00 
360.00 
370.00 
380.00 
390.00 
400.00 
410.00 
420.00 
430.00 
440.00 
450.00 
460.00 
470.00 
480.00 
490.00 
500.00 
510.00 
520.00 
530.00 
540.00 
550.00 


Pressure 


MPa 


25530 
1.0514 
1.4939 
1.8821 
2.2197 
2.5107 
2.7590 
2. 9686 
321436 
3.2877 
324049 
3.4986 
325722 
326290 
326717 
327031 
37256 
327415 
3.7526 
3.7609 
3.7676 
327/38 
3.7802 
3.7870 
3.7952 
3.8059 
3.8213 
5.8442 
328782 
329285 
4.6010 
4.1035 
4.2452 
4.4569 
4.6914 
520234 
524497 
5.9891 
626629 
724947 
825107 
9.7597 

1122132 
12.9657 
15.0347 
17.4608 
20.2879 
23.5636 
27-5388 
31.6683 
3626108 
42.2288 
48.5892 
55-1628 
63-8250 


Table 18. 


|sobutane Isotherm at 410 K 


294282 
289631 
284907 
°80229 
° 15695 
0/1347 
267203 
065271 
299555 
256057 
252777 
249711 
246853 
044197 
041736 
259462 
2373567 
255441 
253676 
232062 
e 30590 
229248 
- 28023 
226905 
225884 
224959 
224132 
225409 
e 22802 
222327 
° 22006 
221865 
221934 
222250 
222855 
2235792 
225113 
226873 
229130 
251947 
235393 
059540 
44463 
230244 
e 56966 
064721 
e 73600 
283703 
095131 
1.07992 
1.223599 
1.38466 
1.56315 
1.76071 
1.97864 


125 


(Continued). 


|sotherm 
Derivative 
MPa em>/kg 


205256 
°04706 
204149 
203622 
203156 
202690 
202283 
201916 
201589 
201300 
201049 
200831 
200647 
200495 
200366 
200266 
200188 
200132 
200094 
200073 
200063 
200062 
200065 
200073 
200092 
200127 
200186 
200277 
2004 12 
200602 
-00861 
001204 
201647 
202208 
202906 
203762 
204795 
206029 
007487 
209193 
211175 
213457 
e 16070 
2 19042 
°22405 
° 26190 
° 30432 
2559166 
240429 
246259 
232695 
259777 
267548 
e 76050 
085526 


|sochore 
Derivative 


MPa/K 


00152 
200523 
200516 
200729 
200963 
201217 
201487 
001773 
202072 
2023583 
202703 
203030 
203361 
205694 
204026 
204355 
204678 
204994 
205301 
205603 
205905 
206213 
06554 
206872 
07235 
207633 
208075 
208570 
209126 
209748 
2 10439 
° 11203 
e 12042 
e 12960 
2 13959 
215043 
e 16213 
217474 
- 18827 
220275 
221822 
223470 
225222 
-27081 
° 29051 
051133 
05355352 
2556051 
2 38092 
240659 
043356 
246186 
249151 
052257 
299505 


|sochore 
Curvature 
MPa/K2 


- 0000004 
-.0000013 
- 0000046 
-.0000091 
- 0000154 
-. 0000237 
- 0000342 
- 0000473 
- 0000631 
-- 0000820 
- 0001045 
-- 0001310 
-.9001619 
-.0001972 
- 0002361 
- 0002759 
- 0003100 
-. 0003274 
- 0003139 
-- 0002601 
- 000 1694 
-. 0000547 
20000730 
20002071 
20003342 
20004358 
0004991 
20005236 
20005182 
20004944 
20004614 
20004251 
20003885 
° 0003532 
20003197 
-0002880 
20002578 
20002290 
20002011 
20001740 
0001473 
20001210 
0000947 
- 0000684 
°0000420 
20000153 
-.0000118 
-. 0000393 
- 0000673 
- 0000958 
- 0001250 
- 0001549 
-.0001856 
-.0002171 
-. 0002496 


Density 


kg/m> 


10.00 
20.90 
30.090 
40.90 
50.00 
60.00 
7000 
80.00 
90.00 
100.00 
110.00 
120.00 
130.00 
140.00 
150.00 
160-00 
179.00 
180.90 
190.00 
200.00 
210.00 
220.00 
230-00 
240.00 
250.00 
260.00 
270.00 
280 00 
290.00 
300.00 
310.09 
320.00 
330.00 
340.00 
350.00 
360.90 
370.00 
380.00 
3909.00 
400.00 
410.00 
420.00 
430.00 
440.90 
450.00 
460.00 
470.00 
480.00 
490.00 
500.00 
519.90 
529.00 
530.90 
540.00 
550.00 


Pressure 


MPa 


2 5605 
1.0675 
1.5197 
1.9185 
22677 
2.9712 
283529 
5.0567 
322464 
324059 
35.5388 
3.6486 
3.7385 
328115 
323705 
3.9181 
3.9566 
529882 
4.0150 
4.0388 
4.0614 
4.0840 
4.1075 
4.1524 
4.1597 
4.1913 
4.2295 
4.2776 
4.3396 
4.4209 
4.5278 
4.6683 
4.8516 
529889 
523931 
52/1/89 
622634 
6.8655 
726066 
8.5105 
926036 
10.9146 

12.4754 
14.3206 
16.4877 
19.0176 
2129544 
25-3456 
2922426 
33.7001 

38.7770 
44.5562 
51.0444 
583730 
66.5971 


Table 18. 


Isobutane Isotherm at 4i5 K 


2 94423 
89910 
285329 
°80793 
- 76400 
2/2187 
268172 
264563 
260763 
0513573 
234192 
231217 
248442 
245861 
243466 
041250 
259205 
231323 
235596 
254017 
°52579 
251271 
» 30083 
229004 
«28028 
027155 
226388 
025134 
225208 
024824 
» 24604 
224574 
224765 
025213 
» 25956 
22/041 
228515 
250434 
252855 
255840 
239457 
243776 
248872 
234825 
°61719 
269642 
- 1/8686 
288948 
1.00529 
1.15536 
1.28079 
1244272 
1.62236 
1.82092 
2203970 


126 


(Continued). 


|sotherm 
Derivative 
MPa »m3/kg 


°05337 
204797 
204250 
293734 
203257 
292820 
202421 
202061 
201740 
201456 
«01208 
200993 
-00810 
200656 
200529 
»00426 
200347 
200289 
200250 
00230 
200224 
200229 
200240 
e00259 
200291 
200544 
200425 
200543 
200707 
200929 
01223 
201602 
- 02083 
202684 
205424 
204322 
205399 
206679 
08184 
209939 
211970 
2 14304 
e 16970 
19996 
223414 
227257 
251558 
236553 
241678 
047571 
234072 
261222 
269062 
2/7634 
286982 


|sochore 
Derivative 


MPa/K 


00151 
290322 
00514 
200725 
200956 
201205 
01471 
201751 
»02043 
202346 
- 02656 
202973 
203292 
293614 
203935 
204255 
04573 
204889 
205207 
205528 
205857 
06198 
206554 
206931 
207352 
07763 
208232 
98746 
209311 
209934 
- 10621 
211377 
e 12207 
213114 
214101 
oil DS 
e 16531 
217579 
- 18920 
220356 
«21890 
225526 
225266 
PNW 
29069 
231139 
255325 
235650 
2 38058 
240611 
243293 
46108 
249058 
252148 
239581 


|!sochore 
Curvature 
MPa /K2 


-.0000003 
-.0000017 
-.0000043 
-.0000083 
-.0000140 
-.0000213 
-.0000303 
-.0000411 
-.0000537 
-.0000678 
-.0000833 
-.0000997 
-.0001163 
-.0001318 
-.0001446 
-.0001524 
-.0001530 
-.0001444 
-.0001258 
-.0000976 
-.0000618 
-.0000202 
0000254 
0000741 
0001239 
0001719 
-0002148 
0002495 
0002743 
.0002888 
0002938 
0002911 
-0002823 
.0002691 
-0002529 
-0002346 
0002148 
-000194 1 
0001726 
~9001505 
0001279 
-0001049 
0000814 
0000574 
0000329 
-0000078 
-.0000178 
-.0000439 
-.0000708 
-. 0000983 
-.0001265 
-.0001555 
-.0001854 
-.0002161 
-.0002478 


Table 18. (Continued). 


|sobutane |sothern at 420 K 


lsotherm |sochore |sochore 
Density Pressure Z Derivative Derivative Curvature 
kg/m3 MPa MPa em3/kg MPa /K MPa/K 2 
29.00 1.0836 290179 204887 200321 - 0000016 
40.00 1.9547 281536 203844 200721 -. 0000077 
60.00 226312 - 1/2995 202947 001195 - 0000193 
80.00 3.1437 265408 ° 02203 0017352 -- 0000363 
100.00 525224 258629 °01608 002315 - 20000577 
120.00 3.7960 252653 201150 202928 -- 0000808 
140.00 329907 047446 200815 203557 - 0001001 
160.00 4.1291 242955 200585 004191 -. 0001079 
189.00 4.2311 259125 200449 204831 - .0000963 
200.00 4.3142 255904 200395 ° 05489 -- 0000633 
220.00 4.3937 253241 00408 205189 - 0000137 
240.00 4.4797 251068 200458 206960 0000464 
260.00 4.53813 229528 200574 007832 0001105 
280.00 4.7176 ° 28044 200815 208847 0001677 
300.00 4.9208 227302 201258 e 10055 °0002064 
320.00 5. 2404 027258 201998 211504 0002218 
340.00 52/477 228138 203156 2 13234 0002165 
360.90 6.5403 2 530239 204877 - 15280 20001964 
380.00 727467 2 55932 073523 - 17669 e000 1667 
400.00 9.5501 259656 e 10679 e204 26 ° 0001309 
420.00 12.0922 047921 215145 2235575 20000909 
449.00 15.6769 259505 220944 227139 2 0000474 
460.00 20.5746 2 14447 228318 051141 °0000010 
480.00 27.1266 094065 ID SZ 255607 - 20000483 
500.00 35/294 1.18940 248876 240561 - 0001006 
520.00 46.8396 1.49928 262659 °46030 -.0001561 
540.00 60.9777 1.87953 2/9211 - 52040 - 0002151 


|Isobutane Isotherm at 430 K 


20.00 1.1156 290688 05066 200320 - 0000014 
40.90 2.0264 282360 204061 200714 - 9000065 
60.00 2.7498 e 74509 203198 001178 -.0000161 
80.00 323152 67371 202480 01699 - 0000292 
100.00 36 YNZ 260985 201903 202264 - 20000443 
120.00 4.0852 255346 201457 202859 -. 0000586 
140.00 4.3420 250421 01129 003474 - 0000682 
160.00 4.5436 246168 200904 204105 -- 0000694 
180.00 4.7101 042542 200777 294756 -.0000596 
200.00 4.8605 259509 200741 205440 -» 0000389 
229.00 520120 257038 ©09785 06178 - 0000095 
240.00 Dre MD 255072 200879 206994 2 0000258 
260.00 5 5690 oS ID UZ 201055 007915 0000643 
280.090 5 6093 252569 201378 08976 0001011 
300.00 529351 ° 52163 201925 10218 20001306 
320.00 624005 2352517 002791 211685 20001483 
340.00 7.0808 253857 204096 213416 0001527 
360.00 8.9772 256476 005978 » 15448 20001445 
380.00 9.5212 240734 ¢ 08600 17814 20001262 
400.00 11.5787 247060 212144 220541 20001000 
420.09 14.4538 2 55948 - 16811 223654 20000677 
440.00 18.3928 °6/7959 022822 °27177 20000304 
460.00 2326886 285721 230421 051136 - 0000109 
480.00 30.6847 1.03928 259873 Do -e 0000560 
500.00 39.7804 1.29346 2 51466 040458 - 0001047 
520.00 5124348 1.60808 265513 245873 -. 0001571 
540.00 66.1710 1.99217 282541 251826 - 20002133 
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Table 18. (Continued). 


Isobutane Isotherm at 450 K 


|sotherm |Isochore |sochore 
Density Pressure Z Derivative Derivative Curvature 
kg/m MPa MPa+m3/kg MPa/K MPa/K 
20.00 1.1794 91609 205420 200318 - 0000011 
40.00 2. 1680 284199 204485 200702 -.0000051 
60.00 2.9824 e/7220 203682 01150 -.0000118 
80-00 5.6498 e 70874 203013 201650 - 0000205 
100.00 4.1963 065190 202473 202192 - 0000297 
120.00 4.6471 260160 202054 202766 -. 0000373 
140.00 520255 255765 201748 203369 - 0000415 
160.00 523532 251976 201548 204000 -.0000409 
189.00 526516 248776 201454 °04666 - 0000348 
200.00 529421 046155 201469 205381 -. 0000234 
220.00 622460 244105 201584 06162 - 0000077 
240.00 6. 5802 042593 201772 207029 20000111 
260.00 629621 041598 202071 °08005 20000318 
280.00 724206 041171 202551 209121 20000522 
300.00 729998 041426 203293 e 10409 0000700 
320.00 8.7617 0425355 204394 - 11906 » 0000826 
340.00 9.7893 244728 205972 2 135648 0000881 
360.00 11.1912 048293 008162 215672 0000857 
380.00 1321054 053577 211123 - 18011 0000755 
400.00 15.7037 260989 2 15034 220695 20000580 
420.00 19.1956 e 71000 » 20094 025755 20000342 
440.00 EXE EYES) 084144 226523 027211 20000047 
460.00 2929122 1.01018 254565 251095 - 0000296 
480.00 37.7836 1.22284 044485 235430 -. 0000684 
500.00 47.8507 1.48671 256573 240242 - 0001114 
520.00 60.5779 1.80976 71140 245558 -.0001585 


|sobutane Isotherm at 500 K 


20.00 1.3370 2 93465 206285 200313 - 0000007 
40.00 225139 287871 205501 200683 - 0000029 
60.00 3.25453 282615 204832 °01106 - 0000065 
80-00 4.4543 2/7846 204276 201576 -. 0000108 
100.00 522631 e 73586 203831 e02087 - 0000150 
120.00 529942 269339 203499 202637 -.0000183 
140.00 6.6701 266612 203280 203227 - 0000200 
160.00 723140 063913 203181 203860 -.0000199 
180.00 729511 261760 203214 204545 - 0000177 
200-00 8.6092 260184 203391 205295 -. 0000136 
220.00 923173 259213 203712 206123 - 0000079 
240.00 10.1017 2 58848 204154 207047 -.0000012 
260-00 10.9903 259100 204766 208087 20000062 
280.00 12.0249 260045 205628 209265 - 0000134 
300.00 13.2641 261817 206829 ° 10608 20000197 
320.00 14.7857 264602 208471 212143 20000239 
340.00 16.6897 °68631 2 10673 e 13902 20000252 
360.00 19.1011 2/4184 213570 2 15916 20000227 
380.00 22.1744 281587 217318 - 18216 20000159 
400.00 26.0966 091217 222090 ° 20832 20000045 
420.00 31.0917 1.03502 228082 223794 - 0000116 
440.00 374253 1.18923 035513 227130 -- 00003525 
460.00 45-4087 1.38017 244622 250868 -.0000575 
480.00 5524056 1.61380 255675 235035 -- 0000870 
500.00 67.8276 1.89665 268962 259658 - 0001207 
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Table 18. (Continued). 


Isobutane !|sotherm at 550 K 


|sotherm | sochore |sochore 
Density Pressure Z Derivative Derivative Curvature 
kg/m3 MPa MPa m3 /kg MPa/ik MPa/K2 
20.00 1.4929 294876 007131 200311 - 0000004 
40.00 2.8525 290636 206478 200671 -. 0000019 
69.00 4.0913 86671 205929 201080 - 000004 1 
80.00 52506 083104 20548 1 001533 - 0000068 
100.00 6.2907 2/9957 205138 202028 - -0000093 
120.00 7.2954 2/7252 204908 002565 -.0000114 
140.00 8.2621 2/5011 204800 203147 -.0000127 
160.00 9.2227 e/5265 204830 203780 -- 0000130 
180.00 1022045 e 72057 205016 004472 - 0000124 
200.00 11.2411 2/1439 205380 005235 -.- 0000108 
220.00 12.3687 2/1459 005924 206082 - 0000086 
240.200 13.6215 e/2140 206634 207028 -- 0000059 
260.00 15.0369 e/3510 207563 208092 - 0000031 
280.00 16.6672 e 75660 208799 209293 -. 0000005 
300.00 18.5853 2/8734 e 10438 - 10654 0000014 
320.00 20.8765 282920 2 12587 e 12201 e 0000019 
340.00 23-6601 288450 e 15368 2 13959 20000006 
360.00 2720748 095592 e 18920 e 15957 -e 0000032 
380.00 3122896 1.04659 2 25396 e 18224 - 0000098 
400.00 365063 1. 16002 ° 28970 220787 -. 0000197 
420.00 42.9637 1.30020 255836 223676 - 0000331 
440.00 50.9413 1.47155 2442 10 226919 -- 0000500 
460.00 60. 7643 1.67899 234332 2 50543 - 0000707 


Isobutane Isotherm at 600 K 


20.00 1.6477 295986 207965 200309 - 0000003 
40.00 3 1859 292799 207431 200665 - 00000 13 
60.00 4.6267 289845 206994 201063 - 0000029 
80.00 59896 087233 206652 001505 -.- 0000047 
100.00 72945 284989 206415 201989 - 0000065 
120.00 8.5634 283145 206296 002518 -- 00000890 
140.00 9.8217 °81739 206311 203094 - 0000092 
160.00 11.0981 280817 206481 003724 -. 0000098 
180.00 1224264 ° 80435 206834 204417 - 0000099 
200.00 13.8456 280659 207394 005184 - 0000096 
220.00 15-5986 081551 08170 206038 - 0000090 
240.00 1721271 285146 209151 206992 -. 0000082 
260.00 19-0767 085487 2 10397 208064 - 0000075 
280.00 21.3098 288673 e 12001 009272 -.» 0000072 
300.00 2329078 292852 e 14065 ° 10637 - 0000075 
320.00 26-9738 2982 12 e 16700 212181 -. 0000088 
3409.00 30.6345 1.04979 ° 20034 2 13929 ~-.0000115 
360.00 35.0432 1.13415 °24205 e 15906 -- 0000160 
380.00 40.3828 1.23818 ° 29370 2 18139 - 0000227 
400.00 46.8692 1.36521 259104 20655 -. 9000319 
420.00 54.7551 1.51896 043399 225481 - 0000438 
440.00 64.5540 1.703 56 052672 226645 -. 0000585 


29 


Density 
kg/m> 


20.00 
40.00 
60.00 
80.90 
100.00 
120.00 
140.00 
160.00 
180.00 
200. 00 
220.00 
240.00 
260.00 
280.00 
300.00 
320.00 
340.00 
360.00 
380.00 
400.00 
420.00 


20.00 

40.00 

60.00 

80.00 
100.00 
120.00 
140.00 
160.00 
180.00 
200.00 
229.00 
240.00 
260.00 
280.00 
300.00 
320.200 
349.00 
360-00 
380.00 
400.00 


Table 18. (Continued). 


|sobutane Isotherm at 650 K 


|sotherm |sochore |sochore 
Pressure Z Derivative Derivative Curvature 
MPa MPa em3/kg MPa/K MPa/K2 
1.8016 96881 208791 00307 -.0000002 
325161 294538 208367 00658 -. 0000010 
5.1548 2 92400 208036 201050 -.0000021 
6.7367 90567 207799 201485 -.0000035 
8.2817 89070 07670 201961 -.0000049 
9.8131 087949 207666 02483 -.0000061 
11.3581 087254 207810 203053 -.0000072 
12.9488 287040 208129 205680 -. 0000080 
14.6233 087374 08653 204372 -.0000085 
1624260 288330 2094 15 205138 -. 0000089 
18.4061 289980 2 10426 205992 -.0000091 
2026122 292368 11679 06948 -. 0000094 
2320981 095546 2 13240 208020 -.0000098 
2529350 99618 2 15206 209226 -.0000107 
2922146 1.04734 - 17684 - 10587 -.0000121 
3320505 1.11080 20791 ot 21211 -.0000144 
37.5814 1.18878 024655 2 13854 -.0000178 
42.9728 1.28381 229421 15807 -.0000228 
49.4205 1.39872 235247 2 18007 -.0000294 
Del Si7. 1.53671 42306 220478 -.0000380 
66.4383 1.70129 250795 025248 - 0000489 


Isobutane |sotherm at 700 K 


1.29550 297618 209610 200306 - 0000002 
328438 295966 009291 200653 -. 0000008 
526775 294500 209063 201041 - 0000017 
724750 093314 208929 201469 - 0000027 
922567 292445 -08908 201940 - -0000039 
11.0473 091939 299022 002455 -- 0000049 
12.8764 291852 209298 203021 - 0000059 
14.7795 092249 209768 295643 -. 0000068 
16.7989 293203 » 10468 204331 - 0000076 
18.9842 294795 2 114353 205095 - 0000083 
2123908 297102 212679 205947 - 0000090 
24.0740 1.00175 e 14203 206899 -. 0000099" 
2720951 1.04074 » 16075 207967 - 0000110 
30-5340 1.08905 2 18398 209168 -.0000125 
34.4915 1214819 221281 210519 - 0000146 
3920918 1.22000 224846 212041 -.0000174 
44.4842 1.30662 229226 213755 - 0000212 
50.8461 1241052 254566 e 15683 -- 0000263 
58 23854 1.53442 241028 e 17850 - 0000328 
67.3436 1.68136 048787 e 20280 -. 0000410 
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Table 19. The Joule-Thomson inversion locus for isobutane. 


Temp. Density Pressure 
K kg/m3 MPa 
330 508.1 1.012 
340 502.7 32742 
350 497.2 6.314 
360 491.8 8.740 
370 486.5 11.027 
380 481.2 13.187 
390 4759 152226 
400 470.7 17.152 
410 46525 18.972 
420 460.4 20.691 
430 455.3 22315 
440 450.3 23.850 
450 445.3 25.500 
460 440.4 26-668 
470 435.5 27.2960 
480 430.7 292179 
490 425.9 30.328 
500 421.1 31.411 
510 4164 32.430 
520 411.8 33.389 
530 407.1 34.289 
540 402.5 356133 
550 398.0 35.924 
560 393.4 36.663 
570 389.0 373552 
580 384.5 37-994 
590 38061 38.589 
600 37567 39-141 
610 Syples) 39.649 
620 36720 40.116 
630 362.7 40.543 
640 358.4 40.932 
650 354.61: 41.283 
660 349.9 41.598 
670 3456 41.879 
680 341.4 42.127 
690 33763 42.542 
700 B55 42.526 
710 329.0 42.680 
720 324.9 42.805 
730 32028 42.901 
740 316.7 42.972 
750 31226 43.015 
760 308.6 43.035 
770 304.5 43.031 
780 300.5 43.005 
790 29626 42.956 
800 292.6 42.886 
810 288 2/7 42.198 
820 284.7 42.691 
830 280.8 42.566 
840 277.0 42.425 


Sith 


Tempe 
K 


113.2550 
120.000 
130.000 
140.000 
150.000 
160.000 
170.000 
180.000 
190.000 
200.000 
205.000 
210.000 
215.000 
220.000 
225.000 
2302-000 
235.2000 
240.000 
245-900 
250-000 
255-000 
260.000 
261.517 
270-000 
275.2000 
280.000 
285.000 
290-2000 
295.000 
300-000 
305-000 
310.000 
3152000 
320.000 
325.000 
330.000 
335-2000 
340.000 
345-000 
350.000 
355.2000 
360.000 
365.000 
370.000 
375-000 
380.000 
385.000 
390.000 
395.900 
400.000 
405.000 
407.850 


Pg 
MPa 


e 19481E-07 
°95569E-07 
°-80164E-06 
°48217E-05 
° 22265E-04 
°83070E-04 
- 26041E-035 
e /0698E-03 
e 17026E-02 
© 5/071E-02 
° 52933E-02 
° 74113E-02 
e 10190E-01 
0 13777E-01 
° 18339E-01 
24061E-01 
°51147E-01 
° 59820E-01 
° 90320E-01 
°62903E-01 
e 77842E-01 
°95423E-01 
e 10133E+00 
e 13973E+00 
e 16708E+00 
e 19856E+00 
e 25589E+00 
e27404E+00 
e 51917E+00 
° 56964E+00 
°42584E+00 
°488 16E+00 
° 55699E+00 
°©63274E+00 
e /1584E+00 
°80670E+00 
2 90577E+00 
e10135E+01 
e11304E+01 
» 12569E+01 
e 13936E+01 
2 15410E+01 
e 16997E+01 
e 18703E+01 
°20535E+01 
°22500E+01 
° 24607E+01 
° 26865E+01 
e 29286E+01 
° 51885E+01 
° 54687E+01 
° 36400E+01 


Table 20. 


Pg 
kg/m 
741.38 
735012 
72545 
715-81 
706.18 
696.54 
686.88 
677.18 
667.42 
657.57 
652.61 
647.62 
642.60 
637.55 
632.45 
627.52 
622.13 
616.90 
611.61 
606.27 
600.86 
595238 
593071 
584.20 
578.49 
572.68 
566.77 
560.75 
554.62 
548.55 
541.95 
535-40 
528.69 
5212/9 
514.70 
507.38 
499.83 
492.00 
483.86 
475.238 
466.49 
457.14 
447.25 
436.70 
425.34 
412.97 
399.27 
383./0 
365.30 
341.92 
305.86 
224.56 


Keon 


2 11994E-05 
°35675E-05 
°©43108E-04 
02407 7E-03 
° 10377E-02 
2 563502E-02 
° 10714E-01 
°2/488E-01 
e62785E-01 
e 13012E+00 
e 18152E+00 
e24851E+00 
° 53440E+00 
°44289E+00 
2 5/802E+00 
° 74424E+00 
° 94634E+00 
e 11895E+01 
e 14791E+01 
e 18210E+01 
2 22213E+01 
e26864E+0 1 
°28414E+01 
°58386E+0 1 
e45402E+01 
2 D5559E+0 1 
° 62339E+01 
e 72432E+01 
°85/36E+01 
°96355E+0 1 
e 11041E+02 
e 12603E+02 
e 143356E+02 
° 16258E+02 
e 18388E+02 
e20750E+02 
0 25570E+02 
e26281E+02 
e 29521E+02 
2 55135E+02 
2 5/7178E+02 
e41719E+02 
°46846E+02 
© 52675E+02 
2 593555E+02 
©67114E+02 
e 76281E+02 
°87387E+02 
e 10139E+03 
e 12037E+03 
e 15135E+03 
°22436E+03 


Zy 


200000 
200000 
200000 
200000 
200000 
200001 
200002 
00004 
e 00009 
200020 
200028 
200038 
°00052 
200069 
200090 
200117 
200149 
200188 
200235 
200290 
200355 
200431 
200456 
200619 
200734 
200865 
201012 
201178 
201364 
001571 
201801 
°02056 
202338 
202649 
202992 
203568 
003782 
204236 
204734 
°05281 
205883 
206546 
©07279 
208092 
209000 
e 10023 
011191 
° 12550 
e 14188 
e 16298 
219575 
e 27808 


Zg 


1.00000 
1.00000 
1.00000 
299998 
299994 
299982 
099952 
299890 
099773 
099578 
299443 
099277 
299079 
098845 
098574 
298262 
297909 
097514 
297076 
096595 
296071 
295505 
095524 
294244 
093550 
092813 
092031 
291203 
290324 
289393 
288403 
087349 
086225 
285023 
083737 
082357 
280878 
0/9291 
° 71589 
0/5/67 
2/3815 
0/1727 
269490 
267087 
064494 
61674 
298573 
e55106 
251120 
246294 
° 39560 
22/808 
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Thermophysical properties of saturated 


dPg/dT 
MPa/K 


2 5101E-08 
022 19E-07 
e 1561E-06 
e/967E-06 
2 3152E-05 
2 1017E-04 
2 2/776E-04 
©6612E-04 
e 1406E-03 
°2718E-05 
2 5664E-03 
e4850E-03 
°©6313E-03 
°8090E-03 
e 1022E-02 
e 1274E-02 
e 1568E-02 
e 1909E-02 
e 2299E-02 
e2743E-02 
2 3242E-02 
° S800E-02 
° 3982E-02 
°31035E-02 
2 5852E-02 
°6669E-02 
e7556E-02 
e8515E-02 
°©9547E-02 
e 1065E-01 
° 1184E-01 
°1310E-01 
» 1444E-01 
e 1587E-01 
2 1738E-01 
e 1898E-01 
e 2067E-01 
e2245E-01 
e 2452E-01 
e2630E-01 
22839E-01 
°5059E-01 
°5291E-01 
°5535E-01 
°5/94E-01 
e4069E-01 
°4562E-01 
04675E-01 
2 5015E-01 
2 5391E-01 
2 5835E-01 
°©6351E-01 


dpy/dT 
kg/(m3eK) 


—.9717 
- 9687 
- 29653 
- 9634 
-.9631 
-.9645 
-.9677 
-.9728 
-.9799 
- 29892 
-.9947 
- 1.0008 
-1.0075 
-1.0149 
-1.20250 
-1.0318 
-1.0414 
-1.0518 
-1.0631 
-1.0752 
-1.0884 
-1.1026 
-1.1071 
-1.1344 
=I oey25) 
-1.1716 
-1.1924 
-1.2149 
=1/e2595 
-1.2658 
-| 22947 
-1.3261 
-1.3606 
-1.3983 
-1.4400 
-124862 
-1.5376 
-1.5954 
- 1.6606 
-1.7350 
-1.28209 
=e 922 
-2.9403 
-2. 1846 
-2. 5640 
-2.5947 
-2.9052 
-3..3523 
-4.0691 
-5 24/740 
-10.2449 


liquid 


isobutane. 
|sochore |sotherm 
Derivative Derivative 
MPa/K MPa em>/kg 
25582 e2427E+01 
22592 eZ ONIZETOn 
20713 °2146E+01 
1.9203 e 1993E+01 
1.7835 - 1852E+01 
1.6586 e 1720E+01 
1.5441 e 1596E+01 
1.4384 e 1478E+01 
1.3405 - 1368E+01 
1.2493 e 1263E+01 
1.2060 e 1212E+01 
1.1641 e 1 163E+01 
121236 e1115E+01 
1.0843 e 1068E+01 
1.0462 e 1022E+01 
1.0092 °9768E+00 
09732 ©93350E+00 
29383 e8903E+00 
29043 °8485E+00 
08/12 e8077E+00 
08390 e /679E+00 
8076 e 7290E+00 
2/982 e/7174E+00 
e/470 e6540E+00 
e/178 e6179E+00 
06893 °5826E+00 
26614 25483E+00 
26341 e5149E+00 
26074 e4824E+00 
05812 e4507E+00 
205556 e4200E+00 
25304 e5901E+00 
03057 e3611£+00 
04815 °3530E+00 
04577 e53058E+00 
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01/728 e5/60E-01 
21502 e2460E-0 1 
21261 e1318E-01 
20974 2 38 12E-02 
00635 0. 


Temp. 
K 


113.550 
120.000 
130.000 
140.000 
150.000 
160.000 
170.000 
180.000 
190.000 
200.000 
205.000 
210.000 
215-000 
220.000 
2252000 
230.2000 
235.000 
240.000 
245.000 
250-000 
2552000 
260.000 
2612517 
270.000 
275.2000 
280.000 
285.2000 
290.000 
295.000 
300.000 
305.000 
310.000 
315-000 
320.000 
325.000 
330.000 
335.2000 
340.000 
345.000 
350.000 
355-000 
360.000 
365.000 
370.000 
375.2000 
380.000 
385.000 
390.000 
395.000 
400.000 
405.000 
407.850 


Heat of 
Vape 
J/mo| 


2811761 
2782562 
273763 
2693029 
2648729 
26046.0 
256038 
2516020 
2471228 
24260.9 
240352 .6 
238024 
2357020 
2333505 
230980 
2285728 
2261424 
223674 
2211626 
2186127 
2160222 
213378 
212565 
20792235 
2051024 
2022127 
1992526 
1962124 
19308 .6 
18986235 
18653.7 
18309.8 
1795367 
17584.1 
17199.6 
16798.8 
1637928 
15940.5 
15478 .4 
14990.4 
1447229 
13921.2 
1332925 
1269061 
11992.7 
1122226 
10358. 1 
9364.2 
817728 
6660.7 
4345.7 
0.0 


Internal 


103462 
1094126 
115428 
12149.8 
127627 
1338125 
14006.3 
1463761 
1527329 
1591720 
1656624 
16764.7 
17884 .8 
18554 3 
192308 
19914.5 
206057 
213047 
2201165 
2272625 
234497 
2418125 
2492220 
2567124 
264300 
2719822 
2797665 
2876526 
2956602 
30379 .8 
31207.9 
32052.8 
329174 
3380567 
3472305 
35678 9 
3668628 
37771367 
389996 
4057267 
424872 


Enthalpy Entropy 


J7mo | 


Fie) 
6259 
1614.4 
262565 
3659.0 
4715.4 
5794.8 
6897.5 
8023.7 
9173-5 
975762 
103469 
10942.5 
11544.0 
1215165 
1276520 
13384.4 
140100 
14641.9 
152800 
15924.5 
1657567 
16774.7 
178987 
1857161 
1925029 
19938.5 
206341 
21338 2 
2205067 
2277261 
235027 
24242.8 
2499225 
257522 
265224 
2730366 
2809662 
289014 
2971929 
305534 
314038 
322737 
3316604 
34086.3 
350400 
3603761 
370938 
3823926 
3954126 
41231.9 
4343002 


J/(moleK) J/(m 


108.800 
114.179 
122.103 
129.598 
136.730 
143.547 
150.090 
1562390 
1622476 
168.368 
1712249 
174.089 
176.889 
179.652 
182.380 
185.075 
187.737 
190.370 
192.973 
195.549 
198.100 
200.626 
201.388 
205.2611 
208.073 
210.516 
212.942 
2152351 
2172745 
220.125 
222.492 
224.847 
2272192 
229.2527 
231-853 
2342172 
236.2486 
2382/96 
241.104 
243.414 
245.2730 
248 056 
250.398 
252-766 
255169 
257.625 
260.152 
262.792 
2652615 
268.781 
2722850 
278.161 


Table 20. 


Cy C5 G5 
oleK) J/(moleK) J/(mol eK) 
69.14 96.65 96.65 
69.99 97.99 97.99 
71239 100.10 100.10 
7288 102.26 102.26 
74.246 104.49 104.49 
76010 106.77 106.77 
77-78 109.08 109.08 
79.48 111.40 111.41 
Silo lt 113-74 113.74 
82.86 116.08 116.09 
83.69 WIV 6Zs 117.26 
84.52 118.43 118.44 
85.35 119.61 119.63 
86.17 120-79 120.82 
87.00 121.99 122.02 
87.82 123.19 123224 
88.64 124.41 124.47 
89.47 125.64 W256 7A 
90.29 126.89 126.98 
91.13 128.16 128.27 
91.96 129.45 129.59 
92.81 130./6 130.94 
93.06 IBitlo le (Sil56 
94.51 133.48 WBSo7) 
95237 134.88 135.20 
96.24 136.31 136.70 
97.11 WBS 7 138.24 
97.98 139.2] 139.84 
98.85 140.81 141.48 
99./2 142.38 143.18 
100.58 144.00 144.94 
101.44 145.66 146.78 
102.29 147.37 148.69 
103.14 149.13 150.70 
103.97 150.97 152.82 
104.79 152.89 155.08 
105.61 154.90 WG 
106.43 LS7/ 605) 160.16 
NOW e271 159.37 163.07 
108.13 161.90 166.35 
109.05 164.73 170-10 
110.06 167-95 174.49 
HUW GZY 171.70 179.77 
112.56 176.21 186.30 
114.24 181.78 194.65 
1 OG E3z/ 188.94 205-/9 
119.20 198.54 221.47 
123-06 ZiZe2D 24523535 
128.52 2D ei 0) 286.59 
136.48 PU DIO UZ 376224 
144.95 396.05 771224 
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Fugacity/ Vel. of 


Pressure 
Ratio 


1.00000 
1.00000 
1.00000 
1.00000 
099997 
099985 
099954 
099889 
299766 
099562 
299418 
099242 
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298788 
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e /8266 
0/7/1536 
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2/4814 
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e 72404 
e/1165 
69901 
26861 1 
067284 
265905 
°65069 


Sound 
m/s 


1841 
1798 
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1672 
1612 
1553 
1495 
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1384 
1330 
1303 
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1249 
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1197 
1170 
1144 
1118 
1092 
1066 
1040 
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1006 
962 
935 
909 
883 
857 
830 
804 
UY 
EN 
724 
697 
670 
643 
615 
587 
559 
530 
501 
472 
442 
410 
378 
345 
310 
25) 
234 
190 
142 
0 


Dielectric 
Constant 


2.10788 
2209370 
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2203142 
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1.95418 
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